







f ~~ . 


a 
& - =. 


SCIENCE INFORMATION NOTES 


A collection of articles on scientific and technological 
topics, research policies, science and society, 
higher learning, etc. 


July 1984 


Golden Jubilee Year 
(1984-85) 





ATIONAL SCIENCE ACADEMY 


arch, 
ah MH ZAFAR MARG, NEW DELHI - 110 002 


it 


- : 7 , ™ : . ” 
wea eine (i> aie Ast 9 
rh eee « e 


S, 








- 


INDIAN Sat. 1 °O. Rh SCIENCE 


= He -- ee 4 


SCIENCE INFORMATION NOTES 





July, 1984 


CONTENTS - 


Title 


MAIN ARTICLE 


Appropriate Opportunities @s well as 
Appropriate Technology 
-Niels Roling _ 


Major Water Problems Facing the 
World — 3 
~Asit K. Biswas 


SCIENCE —- GENERAL 


Basic Research in -India 
-3eC. Dutta Roy 


Chinats Strategy for its Technological 
Transformation ~ : 
-Surendra J. Patel 


Second Lunar Meteorite Identified 
-~Richard A. Kerr 


Japan -Asean Ministerial Meeting 
of Science and Technology 
-Akira Oikawa 


Bthical Consequences of Technological. 


Change 
—M.eKe Raja Kumar 


A New Dimension in MMR 
~Thomas H. Maugh 


see! CSL) 


20 


26 


33 


35 


39 


50 


th) 


ENERGY, BIOMASS & ENVIRONMENT ° 


Sewage as a Versatile Resource. 55 
- P.C. Bhattacharya 


Hazards of Polution Created by 58 | 
Industrial Effluent 
- B.oBe Sundaresen 


Searching for New Source of Energy 63 
- Staniforth Webb St aa 


The Meaning of Energy Conservation , 66 
i Re Ge Je Telfer 


Agriculture and Carbon Dioxide Pa ee Le 
~- Paul E. Waggoner 


BIO-TECHNOLOGY 


‘Seeds of Plenty —- The Promise of 83 
Biotechnology Ria ee 
- Yuri Ovchinnikov 


The Future of Mitochondrial Research . 88 
- Michael Yaffe & Gottfried Schatz ; 


The Genetic Manipulation’ of Crop Plants 93 
~— Ben Miflin and Peter J. Lea . 


Role of the Recombinant Advisory ‘ 96 
Committee. ~ 
- Irving S, Jhonson 


MEDICAL SCIENCES 


Children in Peril 98 
- V. Ramalingaswami 


X-Radiography in the Present Day 103 
Industrial World (Abstract) 
- D.K, Bhattacharya and Baldev Raj 


FRKHEERE 


APPROPRIATE OPPORTUNITIES 
AS WELL AS 
{4PPROPRI.TE TECHNOLOGY 


by Niels Roling 


There is persistent evidence that agricultural 
extension in the developing world is not reaching the 
poorer farmers and that extension and other agencies tend 
to focus instead on the better-off farmers who probably 
represent not more than 20 per cent of the total. When 
asked the average farm size in their area of work, ex- 
tension agents usually give a higher average than the 
actual one, thus revealing their target clientele. If an 
extension service has no.specified target categories and 
claims to service the farmer, one can be sure that it 
serves the top 20 per cent of farmers. If an extension 
officer say he is reaching the small farmers, one can be 
sure that he is reaching the three hectare farms while the 
majority consist of one hectare or less. In one country, 
extension workers claimed that 100 per cent of the farmers 
grew hybrid maize. A random sample survey indicated that the 
actual proportion was 31 per cent. 


Many extension professionals justify a focus on the top 
farmers, Claiming that diffusion processes ensure that 
information introduced among the more progressive farmers 
will automatically spread to the others. It is, however, 
important to distinguish, as did E.M. Rogers in his book 
Diffusion of Innovations, between diffusion as a process 
and diffusion (or dissemination) as an activity. 


Diffusion is, first of all, a process that takes 
place whether extension has a hand in it or not. Cocoa 
was adopted as a cash crop by thousands of small farmers 
in Ghana and Nigeria without the assistance of a single 
extension agent. Novel ideas or practices tend to be 
diffused among those who think they can benefit from them 
and who have both the knowledge and the means to apply 
them. This process has been the object of much research 
whose results have been interpreted differently over times 
Earlier research emphasized innovativeness (or relative 
earliness in adoption) as a socio=psychological traite 
Earlier adopters were held to be more venturesome, while 
later adopters were seen as tending to stare fixedly in the 
rear-view mirror. The last to adopt were called "laggards", 
their late adoption being their own fault, 


This interpretation tended to reinforce existing 
forms of diffusion as an activity. After all, it seemed 
natural to begin without those who were quick to follow 
advice and to leave the conversion of the slow ones to 
autonomous social processes. It was believed that this 
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‘ve farmer strategy" would allow one extension 
Aid: bdo Bae for couiie ee or even thousands of farmers. 
However, when the rate of change began to accelerate and 
when it became obvious, especially from evaluations of the 
green revolution, that whole categories of small farmers 
were not being reached by diffusion processes, the inter- 
pretation of diffusion research results changed. Instead 
of the venture someness of the earlier adopters, their 
relatively higher access to resources (which the data had 
always shown) was now emphasized and the "laggards" were 
seen as people with very little access to resources. As 
an article by N. Caplan and S.D. Nelson in the American 
Psychologist pointed cut more than 10 years ago, "person 
blame" had been replaced by "system blame". 


Horizontal diffusion This new interpretation created 
a gap between extension practice and its justification. 
The findings of diffusion research showed that diffusion 
as an activity benefitted especially those who already . », 
had a ‘high level of access to resources. The "progressive 
farmer strategy" began to be seen as contributing to the 
rapidly increasing gap between rich and poor. 


The new interpretation also raised questions about 
previous theories of innovation diffusion. Hitherto the 
social system within which an innovation was to be diffused 
had been assumed to be homogeneous, so that the innovation 
was equally relevant for all members of the system. Dif- 
ferences in socio-psychological innovativeness explained 
the differences in readiness to adopt. 


Occasionally farmers can, for all practical purposes, 
be assumed to be homogeneous in terms of availability of 
resources, soil type, climate, and so forthe One example 
1S in the new polders of the Netherlands, where carefully 
selected farmers have been settled for some time on uni- 
form plots. Large differences that have been observed in 
these farmers' achievements can indeed be attributed to 


maestro ei in entrepreneurship and professionalism among 
armers. 


However, such homogeneity cannot usually be assumed 
Differences in access to resources and capacity to innovate 
emerge as important causes of the breakdown of diffusion 
processes. When systems, such as farming communities, are 
heterogeneous in terms of access to resources, the same 
innovation cannot be assumed to be of relevance to all its 
members. In such a system, "horizontal" diffusion may take 
place easily enough, but "vertical" diffusion is unlikely. 


This development in diffusion research has pointed 


oe the need for changes in the current practice of diffusion 
as an activity, introducing the notion that rural populations 
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should be segmented into homogeneous target categories 
within which horizontal diffusion of technology approp- 
riate to that category could take place. 


Technology is often defined as the application of 
science, testimony to our earlier awe for science as the 
Source of progress. But Harold Las=wells diffnition seems 
more in line with modern usage: "Technology is the 
ensemble of practices by which one uses available resources 
in order to achieve certain valued ends," 


Under this definition, the practices of Bushmen who 
Survive in the Kalahari Desert can also be called tech- 
nology, although they are based on science only to the 
extent that a people's collective experience accumulated 
and systematically transmitted over millenia can be called 
a science. 


The objectives that people have, the production deci- 
sions that farmers make are strongly influenced by the 
life-cycle of the rural household. Research by Michel 
Petit, reported by the European Review of Agricultural 
Economics in 1976, has ShOWn that young households with 

households with young sons working on the 
farm, and households with two generations on the farm 
were those with the largest land holdings, the highest 
incomes, and the most contact with extension agencies. 
Apparently their production objectives make them “progress= 
ive farmers". Other households, composed of bachelors or 
elderly couples with no successors had very different 
production objectives and needed different types of 
technology, 


Valid recommendations. Important as objectives may be 
in determining technology, emphasis thus far has been 
more on available resources. Institutions such as CIMMYT 
(the International Centre for Maize and Wheat Improvement) 
that have tried to classify rural populations in order 
to develop appropriate technology have identified the 
following characteristics of resources:(1) ecology (rainfall 
soil type, temperature, etc); (2) access (farm size, 
availability of labour); 3) infrastructure (market 
opportunities, roads, rural electricity, etc.). These 
three clusters of variables are used to divide a rural 
population into homogeneous target categories which 
CIMMYT has labelled “recommendation domains" (that is to 
say, in each category a uniform set of agricultural recomm= 
endations is valid). The new approach, struggling for 
a foothold in the temples of international agricultural 
research, does not merely translate results of agricultural 
research conducted in experimental stations into 
recommendations for the benefit of farmers who have suffi- 
cient resources to be able to use theme Rather, it begins 
with the rural population, which it divides into homogeneous 
categories; it studies farmers within these categories in 
dopth, often involving them actively in the research. 
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5 it cnll upon the assistance of agricultural 
ire Fata any oh anpropeiaae solutions and strategies. 
This farming systems rese=rch thus has two phases: first, 
the identification of the honogeneous reconmnend2tion 
domains; and, second, anrlysis of farmers and farming in 


selected target domains. 


arni svstems rese2rch has been developed in response 
to a eden fate posed by the deteriorating conditions ror 
200 million farners who have less than one hectare of rain- 
fed lend and who have only extremely small margins to finance 
any improvements. They lack the reserves for overcoming 
crop failure; the death of a single animal or the erosion 
of a bit of land can be, as Robert Chambers has said, "a 
poverty ratchet on an irreversible course to greater misery". 
To help such farmers by means of agricultural information 
requires that the recommendations be carefully adapted to 
the situation of the farmer. 


Another factor in the development of farming systems 
research was the discovery that many assumptions about 
rural households that had been used as a basis in. project 
planning were completely invalid. The usual assumption 
was that rural households are like the Western ideal: 
family farm: the father is head of the farm, participates 
in the economic world outside and takes all decisions that 
pertzin to it, while the mother reigns in the private 
domain and has little to say in the external one. Of 
course, she helps a bit by doing such light female work as 
feeding chickens and picking strawberries. There is great 
harnony of interest between men and wife. And what the 
man earns outside is used for upkeép of the household, 


Supply-side fashion: The consequences of applying this 
model in settlement schemes, mechanization projects, and 


the like, have often been disastrous. Women and children, 
often have a completely different role in farming systems 

in developing countries (and many in industrial countries 

for that matter). They frequently have crucial managerial pas 
or decision-making functions in production, or are entirely 
responsible for a productive enterprise. There may be 

little or no intra-household distribution of resources, The 
whole notion of household or fenily may be tenuous to begin 
with, as decisions about production or consumption are taken 
at other levels or within different units. Farming systems 
research is capable of revealing the true nature of family 
Systems as well as the changes that take place in them " 
when they are incorporated into market economies, 


Farming systems research has by no means - 
standard practice as yet in agricultural eseaiel 
institutions or extension services, The introduction of 
technology countinues to be planned in a supply-side fa h 
without moch knowledge of the population segments that a ion, 
Supposed to benefit, let alone permitting them to pa; sibs 
in planning and technology development, Extension e 
it seems to me, give more attention extension communi , 
methods and media than to content. The transformat{ cation 
research results into appropriate recommendations yp 
little attention in the training of either agric Sceives 
researchers or extension specialists. Ultura) 


aes 


While the formulation of messages for farmers from 
agricultural recommendations is only one stage of a 
complicated process of transformation, failure to recognize 
the role and nature of this activity can lead to com 
pletely unrealisitic practices. In one country it was 
common practice to distribute the annual report of the 
agricultural research department to district agricultural 
officers with the intention that these findings would be 
"passed on" to farmers. To understand why there would be 
little prospect of a busy administrative official's being 
capable of carrying out such an assignment, it is necessary 
to dissect the whole transformation process into its 
component parts. 

From this +t will be seen that: 

—Formulating recommendations combines the results of 
agricultural research with those of farming systems 
research into specification for the operations required 
to achieve certain improvements in the target farming 
community; 


—Adaptive field tests of these recommendation assess 
the claims and benefits, for both farmers and the agencies 
who are to promote the implementation. In the case of 
farmers, it is important to assess claims and benefits 
not only for the farm unit or the male head of the family, 
but for women and children as well. Many projects have 
foundered because they failed to take into account the 
claims that implementation made upon available time of 
womene 


— Adapted recommendations, formulated on the basis of 
results from the adaptive testing, represent the product 
that extension services can now promote on a large scale 
within the target recommendation domain. It is at this 
point that the traditional job of extension begins: demonstr= 
tions, farm visits, group meetings, articles in the press, 
radio farm forums, etc; 4 


— Formulating messages requires recognition of the need 
to considex the characteristics of the target category, 
such as literacy and previous knowledge. A single 
recommendation can thus lead to the formulation of a number 
of measages, each serving a different function, such as; 
creating awareness, providing information for assessment, 
persuasion by linking the promoted behaviour to needs of the 
target category, instruction(explaining how to do it), 
evaluation (helping to assess the effect), improving entre- 
preneurial capacity and increasing self-confidence. 


the degree of utilization of agricultural know- 
‘je impact of extension 
salaries were based on the 
ecommendations, there 
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However, 
ledge is dependent not only on 
efforts. If extension workers' I 
extent to which farmers followed therr fr 


doubtedly be protests that although many farmers 
wlan og Gad stavneds product prices were too low to 
make adoption attractive, or inputs were not available, 
or farmers lacked capital or credit to make the required 
investmentse Thus the defree of utilization depends on 
a whole set of conditions, an agricultural development 
mix, which includes effective extension. 


It is possible only to a limited extent to develop 
the information input sufficiently so that it takes account 
of the absence of other elements in the mix, while still 
ensuring that members of the target category will benefit 
from using the recommended practice. Farming communities 
that have survived for generation in a specific environ= 
ment have usually worked out a farming system that defies 
improvement by a simple input of knowledge alone. To assu= 
me otherwise seriously understimates the achievements of 
trial-and-error research by generations of people whose 
life depended on the outcome. Indeed, farmers! own know= 
ledge and the adaptations or improvements they have deve= 
loped constitute an important source of innovation and 
self-renewal. The creation of new opportunities, invol- 
ving elements of the mix other than extension, is less 
a matter of benevolent government agencies than of lobbying 
by farmers and their representatives. It is a matter of 
exerting user control to influence prices and market oppor- 
tunities, to pressure research and extension services into 
providing appropriate information, to make their problems 
Known among policy makers. 


A crucial ingrediente It is hard to imagine a 
situation in ahorh agricuiture has developed where farmers 
have not formed some effective "utilizer system". One 
might conclude that agricultural development can best 
be accelerated by fostering the growth of such utilizer 
Systems, a conclusion which stands in sharp contrast to 
the usual emphasis on strengthening of the one~sided 
intervention powers of various government agencies as a 
prerequisite to agricultural development. 


It should be noted, however, that producer lobbying 
power has usually consisted of, or represented, those 
farmers with considerable access to resources, and by the 
same token the lobbying effort usually seeks to create 
opportunities for larger farmers. Strategies intended to 
assist smaller farmers alsodepend just as much on the 
creation of appropriate opportunities as on the deliver 
of appropriate technology and the consistent developme { 
of such opportunities requires that small farmers dey ‘i 
their own effective lobbies. A Crucial ingredient ¢ "OP 
monet: (oe liphaMshab baler 4s. is what Dr. Leonard called. 






es : arme "the squawk factor" r Arn his 
= 5 C 2 oO " : 
. " 7 : , 
from below", If service agencies hope to extend ee 
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farmer approaches to a significantly larger scale they must 
be prepared to respond to an increasing capacity of the rural 
poor to make claims; they must create the space for a 
gradual shift of their constituency from the most resource- 
endowed to the less well endowed. 


Obviously such a shift in constituency encompasses 
political dimensions that ought not to be understimated. 
In many cases governments allocate resources to extension 
and other service agencies to create an instrument for 
agricultural development. The objective is often not so 
much the welfare of the farmers as it is the creation of a 
surplus for national development, which has often been 
equated with urban-elite development. In the short run, 
such a policy is much easier to implement with a few larger 
farmers than with thousands of small ones. 


However, the recognition by agencies such as FAO, 
as detailed for instance in the "Small Farmers! Development 
Manual", that the creation of utilizer systems or consti- 
tuencies among the poor is an essential prerequisite for 
effectively assisting them has led to the emergence of a 
participatory strategy that.seems to hold considerable 
promise. 


'( Ceres, ahs 1 y( Jane= Feb.e1984), pp 15-19) 
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MAJOR WATER PROBLEMS FACING THE WORLD 


BY Asit K. Biswas 


The Role of water in the overall development process 
of countries has become an increasingly important issue 
during the last decade due to several events, some natural 
and others man-made. Firstly, severe droughts and floods 
in many parts of the world during the early 1970s contri- 
puted to a major food crisis. During the World Food 
Conference (Rome, 1974), convened to propose solutions to 
such a major global crisis (Biswas and Biswas, 1975), it 
became evident during the deliberations that proper control 
and management of water is absolutely essential not only 
for further horizontal expansion of agriculture, but also 
for increasing the overall yield from existing cultivated 
land, 


Secondly, the steadily increasing prices of fossil 
fuels, especially oil, focussed international attention 
on the development of hydroelectric power (a renewable 
resource) as a viable source of additional electric power 
neration, This was a departure from the practices of the 
950s and '60s, when many countries preferred to construct 
power plants with a fossil fuel base because of the econo- 
mic advantages they offered and their easy availability. 


Thirdly, the Lima Declaration of the United Nations 

Industrial Development Organization recommended that, by 

the year 2000, 25 per cent of global industrial production 
Should take place in developing countries. If this is to 

be achieved, more water will be required for further 
industrial development. Fourthly, the UN Conference on © 
Human Settlements (Biswas, M.R., 1978) and on Water (Biswas, 
M.R., 1977) emphasized the plight of people in developing 
countries, especially in rural areas, who do not have access 
to safe drinking water. On the recommendation of the 1977 
Water Conference, the decade 1981-1990 was officially 

ate rea age ed bak batt rae Drinking Water Supply and 
anitation cade, by the General Assembl i 
Sattons ( hibeaa) Fosias: y of the United 


Finally, pollution of inland and coast 
and of the oceans has attracted increasing rath eae 
international concern, partly through the work of the 
United Nations Environment Programme (UNEP), which itself 
was created in the early 1970s at the UN Conference on th 
Human Environment (Stockholm, 1972). All these events, . 


individually and collectively, clearly i i 
3 » Clearly indicated + 
urgent necessity of sustainable water development o 


ensure optimal utilization of available 
; ' t avi water 
maintnance of its quality. » 48S well as 
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@2jor Water Problems facing the world 


The author has carried out a number of 
development studies for the United Nations Stes oaeene 
LESEWRS 1978), held at Mar del Plata, Argentina, in 1977; 
or various United Nations agencies and international 
organizations. Based on these studies, the major water 
problems facing the world are: 


(1) Provision of safe drinking water. 


(2) Water requirements for further agricultural, hydro- 
electric and industrial developments. 


(3) Sustainability of water development projects. 


(4) Development of water resources shared by two or 
more states. 


These priority areas have been selected on the basis of three 
major criteria: 


(1) Global interest and thus, affecting a large number 
of people. 


(2) Immediate nature of the problem. 


(3) Availability of adequate information on the 
magnitude and extent of the problems, as well as 
knowledge of the steps to be taken for their 
solution. 


Provision of Safe Drinking Water 


A large number of people in developing countries do 
not have access to clean water. Reliable figures on the 
exact number do not exist. But an aggregate of selected 
traw! estimates of varying degrees of accuracy from many 
developing countries is provided by their governments and 
compiled by the World Health Organization (WHO) of the 
United Nations. Its most comprehensive recent survey, as 
of the end of 1975, rested on questionnaires returned by 
71 developing countries, which unfortunately did not include 
the most populous country in the world -- the People's 


Republic of China. 


According to this survey, 77 per cent of the urban 
population had access to piped water supply through house 
connections or standpipes. The situation, as to be expected 
was Significantly worse for rural communities, where 78 
per cont did not have access, to safe water (WHO, 1976). 
The report further sndicated that the number of people with 
accoss to public water net Rare schemes in pepe: coun- 
tries increased from abou 400 million to some 50 million 
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i j dramatic 
during the period 1970 to 1975. Despite this 
feataate alk the number of people not pote digi: 
clean water remained almost the same, due to rapid popu- 


lation growth, 


. A later WHO estimate for 1980 (even more unreliable 

than the 1975 survey) indicated that the percentage of 

urban and rural populations having access to clean water 

had increased to 75 and 29 per cent respectively ( WH O, 1981). 
Since rural populations predominate in developing countries, 
the percentage of the total population having such access 
increased from 38 per cent to 43 per cent during the five- 
year period, 


Two important issues emerge from a review of the 
limited information available. Firstly, access to safe 
drinking water is, at present, essentially a rural rather 
than an urban problem. This situation has developed nver 
the years not only because of distinct urban bias on the 
part of national planners, but also due to existing poli- 
tical and institutional pressures, The élite who hold 
power are urban-based and their policies, in spite of the 
rhetoric, clearly favour the urban areas, where their 
power centres normally lie. The fact that rural people 
tend to be poor, illiterate and malnourished, and thus have 
very little political power, does not help. The direct 
beneficiaries of national policies are often the educated 
urban elite who are in power. In addition, inadequate 
planning, insufficient budget, incomplete execution of 
plans, limited appreciation of the problems of rural people 
and a lack of understanding and emphasis by donor countries 
and agencies - all these factors have not helped the cause 
of water supply in rural areas, ; 


Secondly, from the existing scattered data available 
it must be concluded that, while major advances have been 
made during the past 20 years in increasing the percentage 
of people having access to clean water in most developing 
countries, there have also been declines in Some regions 
WHO carried out three surveys in 1962, 1970 and 1975. The 
data obtained are not strictly intvercomparable, since the 
numbers of countries surveyed have changed with time: 75 
countries in 1962, 91 in 1970 and 71 in 1975. Furthermore 
an examination of 1970 and 1975 data indicates that eves’ 
the individual national estimates of many countries aire 
Significantly from one period to another due to major “ 
differences in enumeration, presumably because of hr 
people involved and/or different techniques used, tt 


Spite of t} Aints e 
In spite of these constraints, when changes in per- 


centages of urban population served during th 
S e 1 
1970 period are considered, the situation in thie’ Goatees 
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Bast Asian and East Asian regions improved remarkably 
both by more than 20 percent. In contrast, the situation 
was much different in the Latin American and Caribbean 
region, where a ten percent decline was registered. Simi= 
larly, in the 1970 to 1975 period, South-East Asia, East 
Asia and the Western Pacific showed most improvement (15 
percent or more) but, unfortunately, in Africa, south of 
the Sahara, the situation deteriorated and showed a two 
percent decline. 


4s this deplorable situation of water availability 
became more clearly recognized, a series of goals and 
objectives were approved at intergovernmental level during 
the last decade (Biswas, 1981a). Among these was the 
United Nations Conference on Human Settlements, commonly 
known as Habitat (Vancouver, 1976), which approved a 
sweeping goal of safe water for all by 1990, if possible. 
The following year, the United Nations Water Conference 
approved that all peoples have the right of access to 
drinking water in’ quantities and of a quality equal to 
their basic needs. It recommended that ‘priority attention!’ 
should be given to the segments of the population in 
greatest need. It re-endorsed the Habitat target of clean 
water for all by 1990 and urged countries to develop 
suitablé national plans and programmes to meet the targets 
by 1980. It further recommended that the decade 1981-1990 
should be designated the International Drinking Water 
Supply and Sanitation Decade (Biswas, 1978). 


A realistic estimate of the chances of success in 
achieving the goals of the Decade has to be that they are 
not very great for a variety of reasons which have been 
discussed elsewhere (Biswas, 19812). Goals and targets are 
easy to design and resolutions are easy to pass. But 
resounding and pious declarations are not enough by them- 
selves; they must be implemented. The Decade's objective, 
of clean water for all by 1990, should at best be consider- 
ed 2c the target to be aimed at (and preferably achieved ) 
by as many countries as possible. It should be i ened pe 
as the beginning of more intensified programmes and activi- 
ties, with the first stage being the provision of even _ 
intermittent water supply in urban areas and Taare ong" in 
rural areas, The final phase could be the provision 0 


running water in all homes. 
clean water and sanitation 


for all by 1990 may appear like the impossible dream sough® 
by Don Quixote, the Man from La Mancha. But, fo 2 yf 
eitizens of the world, this dream could perches al Ate y 
with intensified efforts and that alone is worthw ; 

This no doubt an important priority area. 


Based on current trends, 
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Water Requirements for further Asricultural, Hydroelectric 


and Inaustrial Developments 





Whilé availability of safe drinking water is very 
important, the atouisirel and industrial sectors, on 2 
quantitative basis, are the major users of water, oat 
significantly more than domestic water use. On a glo noe 
basis, agriculture is the largest user of water, accounting 
for approximately 80 per cent of global consumption 
(Biswas, 1978, 1979). Industrial water use is a major _ 
consideration in certain countries like Canada, where it 
accounts for nearly 84 per cent of tetal withdrawal. 

The corresponding figure for the United States is about 
40 per cent. However, for a developing country like 
India industrial water use accounts for only about one 
per cent of total withdrawal (Biswas, 1979). 


Without appropriate water control, it will not be 
possible to solve the world's food crisSiS. eseece 


In 1975, the total area irrigated in the world 
amounted to 223 million hectares (ha), of which 92 million 
ha were in developing countries (FAO, 1978). The amount 
of water used by irrigated crops is nearly 1,300,000 
million m~ but because of losges the amount used increases 
to almost 3,000,000 million m°’. (This aspect will be 
discussed later}, Only some 15 per cent of the world's 
croplands are irrigated, yet they contribute 30-40 per cent 
of all agricultural production, 


By 1990, it is estimated that the total area irri- 
gated in the world will increase to 273 million ha, of 
which 119 million ha would be in developing countries 
(FAO, 1978). Expanding and maintaining irrigated areas 
is going to be a challenging task for the future; its 
magnitude can be judged by the following requirements 
for the developing market-economy countries only( FAO, 1978): 


e 22.5 million ha of new irrigation 

e 45.0 million ha of irrigation improvement 

« 78.2 million ha of drainage improvement, 
including 52.4 mijlion ha on irrigated lana 

¢ 458.000 million m’ of additional water 

¢« US$97,800 million of investment at 1975 prices 


Industrial developments will also requir 
in the future, According to the targets or farmer water 
Second Development Decade of the United Nations ina t 
in developing countries was expected to scroyw rt ustry 
average rate of 8 per cent. The Lima Declaration ae 
of Action recommends that the total share of man ban copes 
output of developing countries should iner ufacturing 


cent by the year 2000. If the Lima target is to be meet 
’ 
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industrial water requirements for developing countries 
will increase substantially. This would have major 
impacts not only on the quantity of water used, but also” 
on the quality of water due to the discharge of efflments 
Much of the water required by the industrial sector : 
(nearly 60 to 80 per cent) need not be of a high quality 
Since it is used primarily for cooling. However, such 
enormous discharges of heated water could aggravate 
thermal pollution problems, 


Hydroelectric power is a major objective of water 
developments. Currently, it accounts for 70 to nearly 
100 per cent of all electricity generated in countries as 
diverse as Brazil, Canada, Morocco, Norway and Sri Lanka. 


Hydropower has recently become attractive for many countries, 
especially in terms of increasing self-reliance and reducing the 
the national balance-of-payments problem caused by import- 

ing energy-—producing materials. While the capital costs 

for hydro developments are high, running costs are minimal. 
Furthermore, generation of electricity does not consume 

water, which can then be used for agricultural, industrial 

and other purposes. 


The potential for hydropower has been realized to 
a great extent in North America and Europe (including 
the USSR). But there is a vast potential waiting to be 
developed in Africa, Asia and Latin America. Africa's 
hydro potential is the least developed, its current annual 
production being only 4.3 per cent of the potential output. 
Thus, in Africa, the trend towards increasing emphasis 
on hydropower generation, in preference to other forms 
of energy development, is likely to continue for the 
foreseeable future. 


Sustainability of Water Development Projects: 


Water development, like any other type of develop- 
ment,must be sustainable over the long term and the 
gocial and environmental costs from ea pethsin feat gobi 
should be kept to a minimum. Currently, over-irrigati 

So and not exactly an ungonnon-practico in both 
developed anc developing tountrids. Much water pia: 
is us 


to the ficlds, after major capital expenditure, 
wasted; this practice contributes to the development of 
adverse environmental problems, such as an increase in 
groundwater tables and s2@linity levels. Ultimately, it 


reduces the yield of agricultural products, thus under- 
mining the very objective for which the initial develop- 


ment was undertaken. 
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ere are many cases where water development pro- 

PSA Dt aatbab nese peste) irrigated agriculture, have 
contributed to problems that eventually reduced ioe Mh 
total food production, Among such problems are the de awe 
ration of soil fertility and eventual loss of good arable 
land due to the progressive development of niger page Ls ioe 
linity or waterlogging. For example, at one time Paxkis an 
alone was'losing 24,280 ha of fertile cropland every year; 
currently, nearly 10 per cent of the total Peruvian yee 
agricultural area is affected by land degradation due fe) 
salinization. Other major areas affected by salinization 
are the Helmud Valley in Afghanistan; the Punjab and Indus 
Valleys in the Indian sub-continent; Mexcali Valley in 
Mexico; and the Euphrates and Tigris Basins in Syria and 
Iraq (Biswas, M.R. 1979a, 1979b). 


Groundwater resources have been extensively developed 
in many countries in recent years, primarily for irrigation. 
If such developments are based on the fundamental hydro— 
logical principle that the rate of abstraction should be 
equal to or’ less than the rate of recharge, then they are 
sustainable. Unfortunately, in many instances, the rate 
of abstraction of groundwater far exceeds the rate of 
recharge, thus contributing to serious over-exploitation. 
Such practices result in not only a continual lowering 
of the watertable, but also often contribute to decreased 
pressure in aquifers, changes in rate and direction of 
flow, salt water intrusion and land subsidence, Continued 
over-exploitation, coupled with high energy costs, could 
mean that the watertable is lowered to such an extent 
that it is no longer economic to pump the water for irri- 
gation. Agricultural developments in such instances can 
only be treated as temporary phenomena, Since production 
declines significantly once water availability is reduced, 
This situation has already occurred in many parts of the 
world. For example, recent data from groundwater moni- 
toring in the province of Tamil Nadu in India indicate 
that at least 37 observation wells had a net fall of more 
than 6 metres during a mere six-year period, between 
January 1973 and January 1979. ‘One well recorded a net 
fall of as high as 16.40 metres, which means an average 
lowering of 22.77 cm per month — a very high figure viewed 
from any direction (Srinivasan, 1979). With increasing 
emphasis on the use of groundwater for the further hori- 
zontal and vertical expansion of agriculture, it is 
imperative that the developments planned are Sustainable, 
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the future (Zaman, 1983). The magnitude of the problems 
of developing shairid water resources has not yet been 
fully realized. National boundaries frequently divide 
drainage basins and conflicts between nations often arise 
due to competing demands over limited Supplies of avail- 
able water and/or deterioration of water quality through 
waste discharges. On a global basis, there are 214 
river or lake basins that are shared by two or more 
tee rade 1981b). These are distributed as 
ollows: 


Africa 57 
Asia 40 
Europe 48 
North and Central America Sie 
South America 36 
Sena Seo ha) Gare a4 








There are nine river and lake basins which are shared 
by six or more countries. Arranged in descending order 
according to the number of countries involved, these are: 


Demube-1t2 Countries; Niger-70 countries; Nile-9 coun- 
tries; Zaire-9 countries; Rhine-8 countries; Zambezi- 
8 countries; Amazon-7 countries; Lake Chad-6 countries; 
and Mekong-6 countries, 


Viewed from a different perspective, there are at 
least 40countries where a minimum of 80 per cent of the 
total area of the country falls within an international 
river basin. 


During the past decade, several long-standing con- 
flicts have emerged over the development of international 
rivers, such as the Colorado(United States and Mexico), 
Euphrates (Syria and aay Ganges ee and Bangladesh), 
Indus (India and Pakistan), Jordan (Israel and Jordan ) 
and Ln Plata (Brazil and Argentina). With increasing 
population ard the need for further economic development, 
pressures for development of a country's resources will 
become even more critical. For example, the Ganges Basin 
alone may have to support some 500 million people by the 


year 2000. With such pressures, the potential for con- 
flicts betwoen nations will, in 2ll probability, increase 


dramatically. 


ere is thus an urgent neod to identify existing 
and eacetié conflicts and to develop guidelines and pro- 
cesses for resolving thom. International organizations se 
like the United Nations have not made any serious attempts 
or etudies for the resolution of such conflicts. 
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Strategies 

In order to ensure sustainable development in the 
four priority areas mentioned, several strategies have 
to be adopted. Only the more important strategic consi- 
derations will be discussed here due to limited space. 


Multidimensional problems 


Many of the current strategies for water resources 
are based on the primary objective of solving as ecific. 
narrow problem on the principle of reductionism. Strategies 
are generally developed by those professions that tend to 
dominate the problem. This approach has contributed to 
more problems since nature is not organized in the Same 
way as are professions. For example, one hears-of engi- 
neering problems, biological problems, social problems, 
chemical problems, medical problems and so on. In a 
real world, of course, nothing can be further from the 
truth. A problem is a problem and the addition of the 
professional adjective only indicates our way of viewing 
and analysing that problem. The method of analysis depends 
on the analyst's education, training and background, all 
of which can introduce significant biases in the resulting 
analyses on which strategies for solutions are based. 


Let us consider the first priority area discussed - 
community water supply. It has been mostly argued that 
if the quality of water Supply is improved, there would 
be tremendous health benefits. This is not surprising 
Since public health workers dominate this field. Contrary 
to all the pious statements made in various international 
fora, it is not possible at present to define precisely 
the relationship between quality of water and public health, 
Other broad and diverse elements are also important, such 
as housing, comprehensive health Services, availability 
of nutritious food, energy, education and transportation, 
Many health and other related bencfits that most people 
now expect from the provision of clean water are unlikely 
to accrue uniess a broader view of the problem. is taken, 


Current studies in Bangladesh, Guatemala, Lesotho 
and the United States have failed to demonstrate that 
improvements in water quality have a marked impact on the 
incidence of diarrhoeal disease, The reasons for such | 
spe ge are complex and are discussed in detail else- 
where (Biswas, 1981a). Suffice it to say that water is 
not the only means through which faecal-oral diseases 
(like cholera, typhoid, diarrhoeas, dysenteries or he 
titis) are transmitted, Purthernore, from the em ‘rise 
Studies availnble so far, it is becoming increasingly. 


acetone 


ie oe 


evident that the Quantity of water used has an im 

; ate Ss as 2 ortant 
impact on health. And yet the current practice oF pro- 
viding standpipes does not appear to increase water use 
patterns in rural areas. . 


Improving water quality via Standpipes does not 
automatically improve personal hygiene practices that 
have developed over centuries, Only in a few instances, 
where potable rural water Supply schemes have been deve- 
loped, have bathing and laundry facilities also been pro- 
vided. People thus continue to use contaminated sources 
for these purposes and infection continues. The impor- 
tance of educating the public about good hygienic practices 
cannot be overemphasized. At present, such services in 
rural areas are mostly non-existent, even for those house- 
holds looking for information, Unfortunately, this simple 
lesson has still not been fully grasped by most national 
and international agencies active in this area, 


It should also be pointed out that, in most cases, 
there is no provision for drainage of spilled water at 
the standpipes, with the result that pools of stagnant 
water — a common sight in most developing countries - 
have become breeding grounds for mosquitoes and other 
insects. This in effect means trading water-borne for 
mosquito-borne diseases! 


Encouraging the efficient use of water 


With increasing water requirements, it is essential 
that strategies encourage the efficient use of water. 
Such strategies are especially relevant for the agricul- 
tural and industrial sectors, where there is enormous 
potential for saving water. 


There is no doubt that, at present, water use in 
the largest sector - agricu}surg - is inefficient. As 
previously stated, 1.3 x 10 “ m’ of wah sr s used globally 
for irrigating crops, for which 3 x 10 ©“ m- of water has 
to be withdrawn. In other words, 57 per cent of the total 
witer withdrawn is lost. And this is likely to be a 
conservative estimate! The actual losses are probably 


much higher. 


One of the most inefficient aspects of existing 
irrigation systems is often the section where water is 
transferred from canal outlets to farms. It has almost 
become 2 'no-man's land' due to undefined responsibility, 
which in turn contributes to improper design at first 
and, later, to unsatisfactory operation and maintenance. 
while much research has been carried out on losses from 
canals, very little has been done on losses from such 
sections of the irrigation systom. Studies carried out 
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on 40 such sections in the Indus Basin during 1975 and 

1976 indicated losses ranging from 33 to 65 per cent, 

with an average of 47 per cent. Another investigation 

on 60 sections, carried out in 1977 and 1978 by the 

Water and Power Development Authority of Pakistan, 

indicated similar losses (Biswas, 1981b). The magnitude 

of this problem can best be ronlizod by considering the 

case of well-lined canals, which are expensive to construct 
but have operating efficiencies of 70 to 80 per cent, 

When the efficiency of the total system is considered 

(that is, lined canals in conjunction with the inefficient 
section from canal outlets to farms), the total efficiency 
is of the order of 20 to 50 per cent. This means that 

even for expensive, lined and well-maintained canal systems, 
less than one-quarter of the water released from a reservoir 
reaches the crops being irrigated. The Central Board of 
Irrigation and Power of Indja recommend that channels 

above 1,000 cusecs (304.9 m’/sec) should be lined(CBIP,1975). 


A major consequence of this sad state of affairs 
is that engineers have accepted this inefficient system, 
at least implicitly. During the planning of irrigation 
projects, total water requirements are generally cal- 
culated by multiplying the extent of the total area 
to be irrigated by the water required per hectare. The 
water requirement per hectare is generally estimated on 
the basis of existing systems where, aS we have seen, 
major amounts of water released from reservoirs are lost, 
Accordingly, overall estimates of the water requirements 
for irrigation are invariably high ~ certainly signifi- 
cantly higher than necessary - and this inefficient 
system is condoned and perpetuated. - In other words, most 
irrigation systems designed so far are generally ineffi- 
cient and use far more water than is needed. Unfortunately, 
instead of attempting to make irrigation systems more 
efficient and then maintain them at such high levels, 
engineers are constantly looking for new sources of water 


instead. 


Costly alternatives are often considered, Such as 
interbasin water transfer, when Such major and expensive 
projects are not essential (Biswas, 198¢ « Cheaper 
alternatives, gre available ang, can b¢ inpt iments within 
a Significantly shorter time frame with e€ indigenous 
labour foree and expertise, by Simply improving Ehe 
existing Systems. Furthermore, when new projects are 
developed, unless special efforts are made to maintain 
their efficiencies at high levels, their effectiveness 
will decline with time and the vicious circle continues; 
Viewed from a different standpoint, present irrigation 
systems are highly efficient in recharging groundwater! 
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While the potential for saving irri i i 
on annoy ptm Bae $y water can be aed Al, aby Steg in 
ae malting as well. For example, nearly 60 to 80 per 
i 0 Some Ap~aahymialr dicen pala for industrial processing is 
be ie ing; by extensive recirculation, the total water 
se irements can be drastically reduced. Thus, water 
: quirements per ton of soap manufacturing vary from 960 
o 47,000 tons, the lower figure being only 2.5 per cent of the 
of the former. Similar savings in water can be achieved 
Bee tee cone antec Accordingly, strategies 
x cing conserv: i i Sj 
mite ae eens ion will become increasingly 


Better Management of Water Resources Systems 


Much emphasis in the past has been placed on the plann- 
ing and construction of water resources systems; management 
aspects have not received adequate attention. There are 
many reasons for this neglect but only two will be 
mentioned here. Firstly, the engineering profession tends 
to dominate the water field and seem to be more interested 
in the design and construction of new projects rather than 
actually managing them. Design and construction aspects 
are considered to be a challenge, whereas maintenance and 
management do not appear to be considered So. 


Secondly, aid agencies prefer construction of major 
projects like dams. Such projects are more appealing to 
donor countries since much of the aid can be used for 
éonsultancies, construction contracts, purchase of 
equipment and SO One This means that a major percentage 
of the funds expended on the projects ultimately return 
to the donor country. for example, current estimates 
indicate that 70 per cent of aid funds in Great Britain 
return to that country. Furthermore, politicians of both 
donor and recipient countries can get more political mile- 
age out of large projects compared to those that deal with 


management only. 


The return from improved manage “ 
demonstrated from two recent well-documented experiments 


The first was at the Internationa 


in the Philippines where mo | 
so tor.distribution procedures for a distributory command— 
ing 5,700 ha (Vaiers and Wickham, IOS cama gee 
technical improvements were also made. aed er: 


effect of incressing rice production by 94 


; T roduction significantly 
etc cad uy 14 aah eee: tail section. Similarly 


od by 149 per cent in the . 
Seon Leck, Shanmugara jah and Atkukorale (1978) ed Sap 
a 50 per cent increase in rice production pap eager kn 
5,000 ha irrigated by 2 tank. This was achieved by be 


managomont. 


‘ es 5) mec , 1 oy 1 = 42) 
(Int. Journal of Water Resources Developm nt, as Pp) 
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BASIC RESEARCH IN INDIA 


by S.C. Dutta Roy 


Basic Ver€éus Applied Research © 


Of late, much is being talked about socalled applied 
research and relevance of research to national needs, ane 
often, research fund administrators are happy if a research 
ends up in a piece of equipment which performs some job, 
however ineffectively it may be, as compared to what has 
already existed in the developed countries, may be since 
a decade agoe Such administrators find it fashionable 
to club all basic research as ‘academic! and therefore 
useless persuitse This, in my opinion, is a dangerous. 
trend, and if allowed to persist, will keep India conti- 
nually lagging behind, more and more, in the state-of-the 
art in science and technology in the developed countries. 
It is an elementary fact, although frequently ignored, - 
that behind a technological development, there goes a 
lot of basic research, carried out over many many yearSe 


It is also a fashionable thing in India to talk 

about the recovery of Japan from almost ground state 

after the second World War to one of the foremost indust-=- 
rially developed nations, and that India should follow 

the suit by persuing applied, rather than basic research, 
This, I think, is- based on a rather superficial view of 
thingse _The initial recovery rate of Japan was not at_ 

all impressive, and the enhanced rate was not solely due 

to emphasis on applied research, but to a number of 
other factors, including political and trade interests 

of other nations. After achieving a somewhat comfortable 
position, Japan has undertaken extensive basic research 

and if today, anybody claims that basic research in Japan 
1S at a lower key as compared to some of the Western counte 
ries, he will simply be not stating a fact Japanese 
contributions to science and technology are so important 
today that a number of publishing house in the West are 
translating Japanese journals, sometimes cover=to-cover 

for circulation in the English Speaking world. Although 
the subscription rate for each of these journals is at 
least four times that of a comparable American journal, these 
abe ee, Sy ea booming business. This only | ; 
emonstrates the high qualit: asi oe 

eed he he 5 ae gn q ty of basic research Japan 


The point I wish to emphasize is that for 
there is no 'quickie' or short cut for 
scientific and technological gap with other advan d 
countries. What we can do perhaps is to Start f Mt 
1S available in the open literature and continu ae Yuet 
as well as applied research side by side. Any solani 
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India, 
reaucing the 
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emphasis on cither is likely to icad to undesirable 
results. A balanced approach is necessary; what is the 
optimum is perhaps difficult to determine, but if the 
research agencies keep an open mind towards both basic 
anc applied research, and if they, after a very careful 
assessment of the soundness of a research proposal, 
Support it, irrespective of whether it is of basic or 
applied nature, we shall be making a good start. 


~, 
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Basic Research Should Have a Motivation 


While I strongiy advocate the cause of basic researche 
I am also aware that the large volume of so-called basic 
research in India as well as in some other parts of the 
globe is unmotivated, repetitive and routine. Any basic 
research must have a link with the real world ieee. it 
must have a motivation for potential usee By use, I 
don't necessarily mean practical utility; use could, for 
example, be in explaining a certain observed phenomenon, 
A good theory. to explain the peculiarities of jump 
phenomenon in some practical nonlinear circuits is basic 
researche But someone trying to interconnect nonlinear 
devices in various ways and to analyze them for possible 
jump phenomenon is doing unmotivated work. Not that 
such efforts may not lead to something useful but the 
result to effort ratio is likely to be infinitesimally 
small, and above all, this is far from being a scientific 
method. As another illustration, suppose a worker measures 
the dimensions of dew crops, in-situ, to an unbelievable 
accuracy; naturally, he needs a lot of refinement and 
innovations in the measuring equipments. 'So what'?One 
asks. If this measurement is not relevant in some context 
what use is it and why should it be called research ? 


Repetitive research is a common phenomenon in many 
well established research groups in universities and 
other organizations. This, too, is 4 manifestation of 
unmotivated researche Some' Professor, working with his 
students, establishes a facility for some sophisticated 
measurements on some specific materials of practical 
importance, with generous grants from one or more - 
agencies. After the initial aim is fulfilled, the facility” 
continues to be used for generations for measurements 
on all kinds of variations of the basic material, resul= 
ting in a large number of Ph.D. these, and a much larger 
number of research papers. The later work is routine 
and does not involve much of thinking or innovations= 
it just requires hard labour. Spectroscopy, for example, 
enjoyed this state of affairs for a long time in India. 
ed Research Shoul » Basic Component 

In the field of applied research also the situation 
46 confusing and hence exploitec for misuse of funds. 
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In popular terms, applied research seems to convey — 
idea of an effort which should culminate in a piece © 
useful equipment or a gadget. Some people also pac ag 
to identify any experimental work 4s applied researcne 
In the name of applied research, there are many groups 
who copy a standard design of an equipment, with some 
indigenization, and make tall claims of saving India's 
valuable foreign exchange. Equipment design and deve- 
lopment, unless it has an innovative component, 1s not 
researcne 


Applied research, to my mind, is that effort 

which aims at applying results of basic research to a 
certain practical problem. In fact, the line of demar= 
katicon between basic and applied research sometimes is 
very thine A good research has to do a combination of 
both. Basic research, unless it can be applied, tends 
to be unmotivated, while applied research, without a basic 
component in it, tends to boil down to copying a stan- 
dard design. Suppose one comes out with a new design 
of a solar cooker, which is significantly more efficient 
than available designs and yet less costlye In the 
process, the designer has to solve the problem of more 
efficient energy collection, and less heat losses, by 
some innovative technique. He has to understand heat 
transfer phenomenon well and to apply the available 
results to be able to arrive at an optimum design in a 
Scientific manner. I would call this a piece of good 
applied research; if standard basic research results 
are not available to the configuration he has invented 
upon, he might have to handle the heat transfer prob= 
ne afreshe Thus he has to do a bit of basic research 

imself. 


Assessment of Proposals and Evaluation of Achievements 


. Being associated with some sponsored research 
projects, I have some direct experiences of how research 
projects are evaluated. Many pieces of indirect 
information about evaluation have also come to my know= 
ledge from friends in other organizations. The usual 
experience is that except one or two, majority of the 
members of the evaluation committee do not have more 
than a casual acquaintance with the Subject area of the 
project. As a result, they get stuck on minor points 
and trivialities and the major achievements are not 
appreciated. The attitude of those members who a 
Slightly more knowledgable sometimes leaves much ri b 
desired. Many evaluators have the only objective of : 
finding fault, wherever they Can, with the project. 
if they cannot do so, end up in making wild a ope 
as to how the project should proceed in the PI Seas a 
Sometimes, this is in wide variance with the prints 
of the project. Worse still, the team which evaluator 
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the project later may have a different composition and the 
drama is then repeated. 


The story on research project proposal assessment 

is no*ketter. It is usually done by one or more referees, 
In principle, this is in order, but in the Indian ccnte~ 
xt, the assessment is often influenced-by personal bias 

of the assesscr towards the proposer_or tis. research. 
Since the number of active researchers jn-a given field 

is not too many, often the funding agencies call upon the 
expertise of once-active-now=passive type of referees. 
Many of them ere outdated because they are not conver-=- 
sant with modern -developments and therefore try to impose 
their own outdated ideas. The situation is worse if the 
proposer and the assessor are not active workers and 
belong to two. different ‘mutual support!’ societies, Yes,. 
such societies dc exist, although unregistered and 
vehemently denied in public, in which the members support- 
each other's proposal following the 'live and let live' 
principle. . | 


: I strongly recommend that the research funding 
organizations like the UGC, DST, DOE etc, should get 
tegether and evolve a mechanism for more objective 
assessment of research proposals and evaluation of comp= 
leted research projectse It should be ensured that the 
members of such committees: are well reputed scientists, 
whose credentials are beyond question. If necessary, 
we should seek the opinion of well known experts from 
outside the country. There is, I believe, no dearth 

of funds, as far as scientific research is concerned; 
it is only the problem of a proper utilisation that 
India has to solve. 


Basic Research in Industry 


Many of the fundamental scientific results of 
importance have emerged from industrial research labora= 
tories in the Weste - An example in point is the tran= 
sistor, which has revolutionized the whole field of elect- 
ronics.e This device was born through the team effort 
of group of scientists bearing loyalty to various 
diverse disciplines like physics, electrical engineering 
and metallurgy at the Bell Labs, USA. The most recent 
solid state device, viz, the charge coupled device, also 
originated at the Bell Labs in 1970, while its elder 
sister viz , the bucket brigade device was conceived a 
couple of years earlier at the Philips Research Lbs y 
in the Netherlands. While these are examples of discover= 
jes which are of direct interest to the concerned 
industry, there is a lot of theoretical anc fundamental 
research which is carried out jn the Western industrial 
laboratories. Filter theory and design, for example, — 
was developed to great academic depths and much beyond 
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Practical utility at that time, at Siemens Co. in 

Germany; oecn nit Gee in U.Ke and Hughes Aircraft Co. 

in the United Statese ‘ en 

rats : I met a pure matheinatician at the Post 
office Research Centre, Dollis Hill, London, who was 
deeply involved in the problem of sensitivity in networks, 
This investigation was not foreseen to be of any use to the 
British Post Office directly in the near future. I 

know a few very smart network theorists in the MBLE 
research labs of Philips at Belgium who have made out= 
Standing contributions in network theorye 


Research laboratories in Indian Industries are 
virtually unknown. What exists in an handful of indust- 
ries can be more appropriately called problem solving 
set-ups, geared to the specific problems arising in 
those industries. The picture is very dismal, parti- 
cularly in the case of Electronics industries. There 
is some enthusiasm, in the recent past, in public sector 
electronics industries in India; to set up development 
teams for prototype products, which are in routine 
production in advanced countrics. In the private sector, 
the emphasis appears to be more on copying, and hence 
quick returns in terms of money. Because of lack of 
sufficient competition and hence quality control, any-= 
thing useful made is sold. Therd is therefore no incen- 
tive for industries to spend money on the so-called 
basic research, which most industrics consider as acade-= 
mic and therefore ‘worthless’, 


The textile industries, I am told, are an exception 
and I am glad it is so. Perhaps we should take a lesson 
from them, and start a few basic research organization 
scoly funded and managed by the industries in every 
subject of technological importance. a 


The collaboration between academics and industry 
has not materialised, even though we talk a lot about it 
mainly because of the lack of a Tesearch component in the 
industries. What is the incentive of 4 professor in 
a University to spend some time in a production factory? 
Similarly, what can a senior engineer in a production : 
factory contribute to an academic environment? The 
exchange between academics and industry would be cani 
ful only when the two sides con converse on some Np Aiclphss. 
wavelength and this link, I strongly believe is eed 
and that too, basic rather than applied research. toe 


Concluding Comments 
Despite the dismal picture Tt 
ded | ne hal picture I have or ‘ 
scientific research in general and ahd mis | i, 
: 1 


particular in India. I am quit imisti 
reeds . : c optimist at j 
appropriate corrective steps are taken, the ane he ill 
e Ww 


00 e25/— 


a” ss ae 


gradually change to a brighter one. Even creating an 
awareness that all is not well with basic research in the 
country will be a positive contribution in this direction. 
The scientific community has a great role .to play in this 
task, mainly in the form of self disciplining, in orcer 
to avoid falling into the kinds of traps I have discussed, 
which will lead to avoiding wastage of national resources. 
With such scientific culture, yet to develop in India, 

and with the gradual permeation of basic research in 
industry, I am sure things would gradually improve. 


(Science & Culture, 50_, 1 (Jane,1984) pp 6-9) 


CHINA'S STRATEGY FOR ITS TECHNOLOGICAL 
. TRANSFORMATION 


by Surendra J. Patel 


By its very size, China is an important member of 
the main ng Sree Ar It occupies a special place in the 
third world. Its development has continued to attract 
attention both from its ardent admirers and hostile cri- 
tics. Any new policy in that country therefore merits 
serious attention. At a recent Conference on Science and 
Technology Policy and Research Management, held in Beijing 
from October 4 to 8. 1983, China's past policy in the 
areas of science and technology were broadly reviewed 
and several new departures were outlined. It was particularly 
noticeable that while the phrase science and technology 
continued to be used, the accent through all the papers 
presented by the Chinese participants was on technology, 
Zhu Rongji, Vice Minister of the State Economic Commission 
presented a key paper: "On the Importation of Technology- 
Our Experience and Policy". 


This note reviews the main phases in the past policy 
and the directions for the future against the background 
of a Brief description of some of the basic indicators 
of economic and social development in China. 


Current Economic and Social setting 


Much has been made about the changing estimates of 
China's national income. The difference in the public 
Statements over the last few years on its per capita 
income ranges from 20 to 30 per cent. It is impossible 
to use them as a measure even for growth over time. Apart 
from the effect of fluctuating exchange rates on presen= 


statistical reasons limit the value of such estimates for 
comparison among countrios, They are in fact wholly 
useless when such comparison is among countries with 
vastly verying basket of output, prices, incomes and 

the role of the market and the State, 


. It would seem more meaningful to exami j 
which China's technological Jeveiunaine néneattn eons a 
productivity and output in three board fields keepin 
in the DSackground paralle] data for India: (a) or fs 
covering the supply of basic economic and social needs 
of the population; (b) the development of industrial 
nee ohare Se (c eee ha, technologies Each of these 
are brie lescribe ele os 
to the new policice: CONG ASS a: packground 
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(a) Basic Economic and Social Indicators 





The arable area per person in China is much lower 
than in India. And yet, Chinese agricultural technology 
has helped provide its population with a much larger _ 
supply of calories per capita. their grain output is 
nearly twice ourse Their health and nutritional levels 
are much highere Visual evidence of malnutrition, 
oon oc to escape in India, is not easy to locate in 

inde 


Life expetancy in China is 64 years against India's 
Sl. Adult literacy at 66 per cent of the population is 
higher than only 36 per cent in India. Impressive indeed 
is the enrolment in primary education, covering 93 per 
cent of the age group; the comparable coverage in India is 
64 per cent. The difference is even greater when it 
comes to secondary education where more than half the 
relevant age-group is enroled in China with the propor= 
tion in India amounting to under 30 per cente. There are 
two aspects which may be singled out here: (1) China now 
gives all its education to all its people in one single 
unified script, with minor variations in accent and 
pronunciation. We are all too familiar with the sharp 
linguistic contrasts in India (2) The enrolment ratio for 
female students is. much larger and the drop=out rate much 
lower than in Indiae It is, however, at the third level 
of education that India enjoys considerable superiority 
over China. The decade-long Cultural Revolution when 
the current dogma was ‘better red than expert's decimated 
its intellectual and technological skill developmente 
Even in the production of industrial items of mass consum= 
ption, such as bicycles and radios, the Chinese output 
is 32 and 15 times respectively higher than in India. 


(b) Growth of Industrial Hardware 


See ee ene 


The common use of index numbers for industrial 
production often gives a misleading picture of growth 
rates, particularly because of the differences 1n the 
weights of various sectors and their growth over times 
For this reason, attention may be focused on four key 
4tems, which serve as strategic industrial inputs 
throughout the system of production: for example, steel, 
cement, fertilisers and the energy group. 


China produces some 38 million tonnes of steel, 
80 million tonnes of cement and 12 million tonnes of 
fertilisers-cach of them 4 times as high as in India. 
As far as the energy group is concerned, China ¢ produc= 
tion of over 600 million tonnes of coal is 5Y2 times that 
of India; of crude oil at nearly 110 million tonnes nearly 
4 times India's¢ and the generation of electricity at 
300 billion Kwh is 3 times India's outpute 
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This note is not meant to present a picture OF 
comparative development of India and Chinae But inci ee 
national pride does not have to be too sensitive tip 
look orignore what a long distance China has travelle 
ahead of it in terms of the production of these basic 
industrial items. Nor would it serve much useful purpose 
to ignore this advance by questioning the validity of the 
data, or the quality of the products in China. 


(c) Superpower Technology 


While neither China nor India considers itself 
superpower, there is little doubt that, as the two countries 
with the largest populations in the world, they both conti- 
nue their technological advances in areas which are 
attributes of superrower status: for instance, nuclear 
research and development of atomic and hydrogen power 
space research, including development of spacecraft and 
Satellites. These are areas which have both military 
and civilian civilian significance, The least one can 
say in that in these fields too China is not lagging 
behind India. 


This brief review of the current economic and social 
setting underscores the significant strides forward taken 
by China in technologies required for meeting the basic 
needs of its people, creating a powerful industrial base, 
and laying the foundations cf a superpower status. It would 
ls as if it has been walking weil on all these three 
egSe 


In the thirty years since the establishment of 
the People's Republic of China, it has faced immense 
turbulence and upheavals: for example, the destructive 
civil war, the Korean conflict, the break with the Soviet 
Union, the Great Leap, the Cultural Revolution, the four 
modernisations, not to mention the disputed great famine 
in the early 60s. Despite all these, China nas emerged 
as a country with significant strength in its technological 
base€e It is now set for its transformation. Before we 
come to its new policy, it may be useful to look quickly 
at the main phases through which its. technology polic 
has passed over the last 30 years. if 


Main Phass in Evolution of Chinese Technology Policy 


Two broad phases may be distinaqui : ; 
; f \ dis guished: the pe 
from early 1950s to 1978 and the period from 1978 sia 


In the first phase, coverin e 
bought complete plants from abtead eae eaee ihesal oe 
decades there were, however, changes in the em he ee 
concentration on certain industrial items. The 1950 ray 
for example, were marked by the establishment of th *. 
capital goods industry Supplying China=made ectua pene 
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for mining energy, transport,industrial raw materials 
textile and light industries. During the 1960s China's 
import of complete sets of equipment concentrated upon 
petrochemicals, synthetic fibres, and processes for various 
varieties of steel. The 1970s witnessed a concentration 
on nitrogenous fertilisers, chemical fibres, integrated 
coal mining equipment and steel rolling mills. - 


To a large extent, the first phase was dominated 
by setting up new industries with relatively little atten- 
tion devoted to the technological improvement of the 
existing enterprises. As the Chinese Vice Minister of 
the Statd Economic Commission. Zhu Rongji stated: "After 
turning out its first generation of products for example 
China's machine=building industry did not continue to 
consolidate itself technically through research and 
development or the import of newer foreign technologies. 
Many of its products remained unchanged for decades. The 
same was true more or less for other industriese That 
is why they lagged far behind the advanced countries in 
some areas". 


The second phase opens in 1978 following an intense 
examination of the past policies. It marks "an open- 
to-the-outside-world economic policy"as its main plank. 

It marks a decisive shift from the import of complete | 
plants to import of technologies for the transformation of 
existing enterprises. In the past, China signed only a 
few dozen contracts each year with foreign countries for 
the import of technologies. The number of such contracts 
increased to some 100 in 1982 and is expected to reach 
several hundreds in 1983-6 


Two important decisions have been made: one, for= 
mulating a detailed programme to import 3000 items of 
advanced technology in the last three years of the Sixth 
Five Year Plan (1981-1985) and thereby to speed up the 
technological transformation of existing enterprises, 
especially the small and the medium sized ones; and second, 
changng the system of management of imported technology 
through greater decentralisation in decision-making to 
bring about transformation of imported technologieSe 
For instance, two of the most important industries areas 
of China Shanghai and Tianjin, are now given greater 
power to’ experiment with such transformation. 


Major Elements in China's Strategy for its Future 


fechnological Transformation 
China has set itself ambitioys targets for the next 
20 years. Its perspective plan lays down the strategic 
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T et of increasing four-fold its annual industrial 
and Pel euiteal output by the end of the centurye This 
would reguire a combined output growth of 7 per cent per 
yeare With the fall in its population growth rate to 
only 1.2 per cent per year, these targets imply an annual 
expansion of percapita output by 58 per cent per year=- 

a formidable goal indeed. It would raise China’s per 
capita output more than three-fold in 20 years. 


Zhu Rongji, Vice Minister of the State Economic 
Commission, set out eight main elements in China's policy 
concerning the import of technology. The first three 
elements of this 8=—point package concern the content 
of the technology imports, the fourth and fifth relate to 
the management of this policy; and the last three-=- 
points -6,7, and 8= cover several other aspects. 


(a) Content of Technology Import Policy 


(1) The imports of technology is to be geared to the 
needs of technological transformation of China. It is 
to be conducted step by step "in a planned way in accor- 
dance with the priority areas of the country's develop— 
ment programmes? It is to proceed under the guidance of 
a plan which matches the requirements of Chinese 
technological transformation. During the sixth five year 
plan the concentration will be on the machine building 
and electronics industries. 


(2) Tne emphasis will shift to importing technology 
rather than complete plants as in:the last 30 yearSe 
It will be on buying 'software', including new production 
techniques and processes, patented or unpatented technolo= 
gies, knowhow and techniques for manufacturing the key 
equipment and instruments necessary for the operation 
of the imported technologies. Consultancy and other ser- 
vices needed for training the workers and Skilled 
manpower will also be included in this. This does not 
of course mean that the policy of importing complete 
plants will be altogether abandoned; Advanced technologies 
embodied in nuclear power plants, large scale Oopencast : 
mines, integrated circuits, etc, for which China is at 
present unabie to supply domestically technologies to meet 
needed quality requirements, would continue to be imported. 


(3) As. far as the choice of i e e i 
concerned, the emphasis will be on: Madvanded uaa Li 
cable technologies", China will not be importin blindly 
the most advanceed technologies "which are in a eke 7 
hard to get, more expensive and difficult to there Fett Th 
main thrust would be to improve what exists, modify : é 
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(b) Management of Technology Policy 


Two important innovation have been introduced in the 
management of technology policy. 


(4) There will be a greater emphasis on decentralising 
power to local levels, while at the same time main- 
taining effective co-ordination and management. In the 
technology import plans, certain powers will be delegated 
to the departments and local authorities, which will ke 
given the responsibility of deciding on the items to be 
imported, and of approving to be imported, and of approv- 
ing the feasibility reports. The two main industrial 
areas, Shanghai and Tianjin, are given special authority 
to experiment with several approaches. The importing 
units will be able to organise joint teams, involving 
foreign trade companies and advisory organisations to 
take charge of all tne work involved in import of techno- 
logye This would range from consultation with enterprises, 
analysis of problems and feasibility studies, to technical 
and trade negotiations. The State Economic Commission 
will however continue to co-ordinate the work of different 
departments and areas with a view to preventing wasteful 
or repetitive technology imports. 


Several flexible and diversified ways would be adop= 
ted in importing technology. These will vary according to 
different conditions and will take into account the pre= 
ferences of the transfers of technology. The choice will 
include production under licence or other co-operative 
arrangements and import of individual production units. 

For some uptodate technologies, joint ventures may be set 
up, emphasis being placed upon improving technological 
efficiency through supply of consultation services. 

Several incentives are being offered and more are under 
consideratione This include reduction or remission in 
customs duties and taxes, including incometax on joint. 
ventures; selling products of joint ventures in the Chinese 
market and allowing sych joint ventures to pay in Chinese 
currencies for inputs bought in Chinae The joint ventures 
will also be granted greater power of decision in financial 
and personnel affairs, planning, purchasing and sellinge 


(c) Other Elements 


(6) Efforts will be made to step up exchange of 
technological information. 


draft “patent law of the People's Republic 
of Breas now ties consideration, will be promulgated as 
soon 35 the draft has been fully considered. Similarly, 
a draft law on technology transfer is also under con= 
sideration for future adoption. ; 
ecved2/= 


s; 32 


(8) There will be much greater emphasis on 
co-operation with friendly foreign countrieSe Such 
co-operation upto now has been mainly with big companieSe 
In future, emphasis will also be given to develop tech- 
nical co-operation with small and medium s1ze foreign 


enterprises. 
Some Observations 


Quite clearly China is undertaking a major departure 
in the policies pursued in the last 30 years. Having 
built a powerful industrial base under centrally 
planned public control, it is now opening itself to draw 
maximum benefits from technological advances achieved 
in the world outside. The key elements in this departure 
Will be a long-term strategy for its technical transfor= 
mation, which would involve moving away from imports of 
turnkey plants to imports of technology, and to the 
imports substitution of technology itself. Ti weid 
involve much greater decentralisation in decision-mak- 
ing with co-ordination remaining the central concern and 
introducing several innovations in the transitional period, 
The assessment of its full implications will require time 
to test the resultSe 


There is a certain resemblance in China's new strategy 
with the main features of the policy pursued by Japan 
during the 1950s-a policy which relied on importing advan- 
ced technologies from abroad with maximum attention devoted 
to incorporating them into the production system and 
mastering the very process of technological adaptation, 
modification and innovation, without at the same time 
permitting the external enterprises to obtain control 
over national firms either through equity or through 
restrictions imposed upon the use of imported technology. 


(Economic and Political Weekly.(March 3, 1984,)pp373-75) 


apes ee 
SECOND LUNAR METEORITE IDENTIFIED 


By Richard A. Kerr 


Japanese researchers have announced that a search 
of their collection of meteorites found in Anterctica 
has uncovered 2 rock that must have been blasted off 
the face of the moon. It is only the second such lunar 
meteorite ever found and offers the possibility that a 
second new site on the moon never visited by man or 
machine has been sampled, 


The analyses in hand, although few in number, 
Seem convincing. Keizo Yanai and Hideyasu Kojima of 
the National Institute of Polar Research in Tokyo 
presented their mineralogical and chemical evidence 
for another lunar meteorite last month at the Ninth 
Symposium on Antarctic Meteorites, held in Tokyo 22 
to 24 March, When the 25 gram, dusty-gray meteorite 
designated Yamato 791197 was cut into thin, trans- 
lucent sections, small fragments or clasts of lighter 
minerals stood out against a dark brown back-ground. 
The larger clasts contained mostly the mineral plagio- 
clase and minor amounts of pyroxene and olivine, The 
smaller clasts were individual mineral fragments. 
Most of the clasts showed signs of having been shocked 
as by an impact. The Japanese researchers also found 
a few small glass spherules. 


This appearance alone was enough to convince two 
Americans who were given an opportunity to inspect a 
thin section of the meteorite. Jeffrey Taylor and 
Klaus Keil of the University of New Mexico, who have 
worked extensively with both meteorites and Apollo 
moon rocks, could see immediately that this meteorite 
closely resembled rocks from the lunar highlands called 
regolith breccias, rocks formed from lunar soil and 
rock fragments under the pressure of a meteorite 


impact. 


The evidence goes beyond the meteorite's appeasr- 
ance. Yanai and Hidsyasu found that the ratio of 
manganese to iron in pyroxene and olivine minerals of 
their Yamato meteorite is about half that of the most 
similar type of meteorite but about the same as that 
of lunar rocks. In addition, Robert Clayton of the 
University of Chicago has determined the oxygen isotope 
composition of a sample supplied by the Japanese 
researchers. The meteorite value is "bang on the . 
lunar value. There's not much data in yet, bet it's 
#11 consistent. I'm convinced," says Clayton. He 
and others have not waited for the oxtensive analyses 
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: ad the American find of last year (Science, 15 
ania) 1983, pe 288) because these results by them- 
selves form a strong argument for 4 lunar origine 
Only one class of meteorites has an oxygen isotope 
composition that is close to the lunar composition, 
but the mineralogy of these meteorites is entirely 
different from that of lunar rocks and the Yamato 


meteorite. 


Perhaps the most exciting possibility is that 
the new discovery is the product of a second impact 
at a different site on the moon from the first, 
Lunar specialists were pleased to find chemical indi- 
cations that the lunar meteorite in the U.S. Antarctic 
collection is not from the vicinity of the sampling 
by Apollo astronauts or Soviet Landers. A second impact 
site, possibly from near the visible edge or even the 
far side of the moor, would be a real find. 


Researchers are anxious that any new lunar meteo-= 
rites be opened to the kind of consortium study that 
quickly produced such a variety of analyses of the 
first specimen. Since the ultimate number of lunar 
meteorites may not exceed two or three in the present 
combined Antarctic collections of moré than 6000, the 
need for close cooperation is obvious. 


(Science, 224, 4646 (April 20, 1984) p. 274) 
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JAPAN-ASEAN MINISTERIAL MEETING OF SCIENCE & TECHNOLOGY 


Expanded Cooperation Activities Reaffirmed 


by Akira Oikawa 


The Japan-ASEAN Ministerial Meeting on Science and 
Technology was neld in Tokyo at the Ministry of Foreign 
Affairs on December i-2, 1983. The initiative for the 
meeting had come from Prime Minister Yasuhiro Nakascne 
during his visit to the ASEAN countries last May, as 
part of his intention to promote greater cooperation 
between ASEAN and Japan in science and technology. The 
ASEAN governments received Nakasone's proposal with great 
appreciation. 


The Japanese government was represented at the 
conference by Shintaro Abe, Minister of Foreign Affairs 
and Takaaki Yasuta, Minister of State for Science and 
Technology. The ASEAN countries were represented by 
Dr. B.eJe Habibie Minister of State for Research and 
Technology ( Indonesia) and Chairman of the ASEAN 
Ministers of Science and Technology Conference; Datuk 
Amar Stephen Yong, Minister of Science, Technology and the 
Environment (Malaysia): Dr. Emil Q. Javier, Minister of 
the Philippine National Science and Technology Authority: 
Dr. Wong Kwei Cheong, Minister of State for Trade and 
Industry (Singapore), Sidek Saniff, Parliamentary 
Secretary for Trade and Industry (Singapore); Damrong 
Lathapipat, Minister of Science, Technology and Energy 
(Thailand); and Prapas Limpabandhu, Deputy Minister of 
Foreign Affatrs (Thailand). Awang Zakaria bin Dato Haji 
Noordin, Deputy Director of Public Works (Brunei) also 
participated in the meeting. The Secretary-General of the 
ASEAN Secretariat and the Chairman of the ASEAN Committee 
on Science and Technology, as well as other senior 
government officials from the participating countries, 
also attended. 


Prime Minister Nakasone gave a welcoming speech 
at the opening session of the meeting Habibie, on behalf 
of all of the ASEAN nations, and Abe also addressed 
the session. Yasuta and Habibie were appointed respectively 
Chairman and Co-Chairman of the meeting. 


é At this meeting, the Japanese and ASEAN ministers 
succceded in holding wide-ranging discussions on such 

topics as specific policies and measures to encourage 

international cooperation in science »and technology. 

The ministers all agreed that the meeting, the first of 

4ts kind to be held, provided a highly useful forum pee 

discussing future prospects for cooperation in the fiel< 
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sence and technology between Japan and the ASEAN 
Seaton. Noting with much satisfaction the Finke and 
active collaborative efforts undertaken SO far in . is 
field, the ministers expressed confidence that suc pees 
activities would create a sound foundation for cooperation 


in the futuree 


The ministers also agreed that future projects should 
be directed toward meeting the needs of the ASEAN 
nations, and be of mutual interest and benefit to both the 
ASEAN countries and Japan. Consequently, they stressed the 
importance of carrying out an effective sharing of 
responsibilities in advancing international cooperation 
in order to maximize the utilization of available capital 


and human resources, 


This ministers emphasized the desirability of an 
early follow-up to the meeting so that detailed, specific 
projects could be formulated for future implementation. 
With this in mind, they recommended that a meeting of 
senior government officials from all of the countries 
concerned be convened during 1984 at a time to be agreed 
upone. The ministers themselves also resolved to meet 
again for the purpose of continuing their dialogue on 
a regular basis. 


The two-day meeting ended with closing speeches 
by Yasuta and Yong. 


Although the Tokyo conference proved to be an 
important starting point for cooperation between Japan 
and the ASEAN countries in science and technology, it is 
important that dialogue in this field be continued by 
both Sides for the advancement of international co- 
operation for the future. For this end, the meeting of 
senior government officials that is expected to occur 
next year is seen as being crucial for formulating specific 


ways to promote greater collaborati i j 
won, tion in science and tech-=- 


Japan has been making vigorous efforts to extend 
cooperation in science and technology to the developin 
nations under the various programs and organizations ¥ 
described below. In future discussions, there will m st 
likely be greater debate on how to utilize Japan's 7 
existing System for scientific and technological 1l 
ration between Japan and the ASEAN countries eee 

. 
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a wide variety of cooperation activities, including the 
acceptance of foreign technical trainees, dispatch of 
experts, provision of equipment and implementation of 
technical cooperation projects. Over one-third of JICA's 
funds, or about $100 million, is disbursed annually to the 
ASEAN region. Through the activities of JICA, Japanese 
researchers are recently making greater and more effective 
efforts in international cooperation by working with 
native experts in developing technologies that are 
Suitable for the recipient countries. 


20 Institute for Transfer of Industrial Technology 
ITIT) Program 


The ITIT program is directed toward the improvement 
of existing technologies and development of new technologies 
appropriate to the regional conditions of the ASEAN nations 
and other developing countries through joint research 
carried out by MITI's Agency of Industrial Science & 
Technology. 


MITI- provides R & D subsidies to the private 
sector for establishing demonstration plants and imple- 
menting joint operations in the developing nations. Al- 
though projects in basic research under the ITTT program 
were recently terminated, MITI established the Research 
and Development Cooperation Program in April 1983 to handle 
the organization of pilot plants and private-sector 
collaborative research in response to the high-level needs 
and numerous R & D requirements of the developing countries. 


3e The Tropical Agricultural Research Center (TARC 


A research agency affiliated with the Ministry of 
Agriculture, Forestry and Fisheries, TARC is primarily 
engaged in conducting joint research with research 
4istitutes in the developing countries on the basis of 
already established agreements. The means of cooperation 
carried by TARC include the dispatch both long and short 
term of Japanese researchers abroad,acceptance of over= 
seas counterpart researchers and organization of inter- 
national symposia in Japan. These efforts result in 
benefits for all parties concerned. Japan 1s able to 
expand its sphere of research, while the developing 
nations are able to realize the advancement of their own 
R & D potentials. 


f . . 
4e Scientific Exchange Under the Core University System 


with the developing countries, the core al alta b ps system 
designates in each priority research field erp oe one 
universities in Japan and its partner countries to oe en 
as centers for scientific exchange within a wider netwoI 
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The types of activities conducted under 


iversitics. : 
of univ S carrying 


this system include the exchange of researcners, 
out of joint research and holding of seminars. 


At present, the core university system covers only 
Indonesia, Singapore, Thailand and the Philippines, 
Preparations for an exchange with ijialaysia are now 
being carried out. 


o 


De Special Coordination Funds for Promoting Science 
and Technology 





With the cooperation of the numerous researcn 
institutes in the Japanese government, this program is 
directed toward promoting the development of frontier 
and jsasic research for the purpose of advancing comestic 
collaborative research. Yet this special program also 
facilitates cooperation in the international realm by 
sponsoring activities with overseas reaearch institutes 
on the basis of the principles of equity and reciprocity. 


The history of Japanese cooperation in science and 
technolocy with the developing countries is still relatively 
Short; most of the programs described above, for example, 
were established only from 1970's. .Yet Japan's initiative 
to hold the first Japan-ASEAN Ministerial Meeting on 
Science and Technology may be seen as evidence of a 
maturation of Japanese policies for international cooperation 
as a demonstration of Japan's willingness to take an 
active role in formulating means to enhance the overall 
welfare of mankind. 


(Look Japan, 29, 335 (Feb.10, 1984) p.18) 
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ETHICAL CONSEQUENCES OF TECHNOLOGICAL CHANGE 
By M.K. Rajakumar 


It gives me a great deal of pleasure to be honoured 
by the President and Council of the Singapore Medica? 
Association by the invitation to deliver the Anmal SMA 
Lecture. It is for me a homecoming as I am back in the 
city where I studied and graduated, among my friends and 
teachers, Presidents of both our national medical asso- 
ciations, which would be one but for an accident eof history, 
have even until now shared this common background. In 
both the twin cities of Singapore and Kuala Lumpur, seve- 
ral generations of professional men and women share common 
memories and have strong ties of friendship between them. 
It must indeed be this special regard we have for each 
other that persuaded the Singapore Medical Association to 
go outside this island of such numerous talents to invite 
aman of my humble capacities to Speak on a subject as 
important as Ethics, 


A great many kind things are said on such occasions 
and your distinguished President and my old freind has 
been lavish in his remarks. I must go beyond the 
customary disclaimers to say that there is so much I 
‘wish I had done, so much I wish I had done better, and 
more I wish I had the capacity to do. I am clearly 2 
case of aspirations overvaulting capmeitics and no one 
is more conscious of this than I an. 


More still when I look at thé distinguished line of 
speakers ‘that have preceeded me, many of whom were my 
teachers, a11 of whom I would consider it a privilcge to 


listen to any day. 


We are unique as a nrofession in that we alone are 
; o ielr 7 <> hem 
ethically commanded to protect, mainvain and sustain 
human life and cnjoined never to harm 4 human ‘Sate eos j 
haces . ‘ yieth 3 | 

Because of our responsibility for life, av biz th = a 
death, it is necessary to remind phySicians tha’ G Lie 
must not play God with the lives of the men, Women an 
ech&ldren in their care. 
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on 16~-4-1983. 
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We live in times of great and rapid change. These 
changes have already had profound effects on the way we 
live and the way we think. We have shown a remarkable 
capacity to assimilate into our lives the uses of new 
technologies. What has been dismaying has been mankind's 
jnability to develop the spiritual values and moral judge- 
ment to put technology to its proper uses, The spectacle 
of the first nuclear explosion brought to Robert Oppen= 
heimer's mind the words of the Bhagavad Gita. I am come 
as the Destroyer of Worlds". We still live under the 
shadow of that mushroom cloud and I am amongst those 
physicians who take seriously the prospect of nuclear 
conflict that would disrupt civilized existence as we 
know it. Although less spectacular, the advances in 
medical technology have transformed dramatically the scale 
and scope of medical interventions and have placed stresses 
on our concepts cf ethics that stretch them to breaking 
point. I welcome opportunities such as these to share my 
fear that we rush like the Gadarene swine down the techno-=- 


logical slope to our own destruction. 


We sometimes lose sight of the truth that the practice 
of medicine has been technologically determined to a very 
great extent. Where would the practice of surgery be 
without the discovery of asepsis and anaesthesia, or inter- 
nal médicine without the discovery of the circulation of 
blood. Untill this century our pharmacopoea differed little 
from that of traditional medicine as we know it today. Only 
the drugs, opium, digitalis and aspirin remain of that vast 
compendium. 


Even as technology has changed the way we practise, 
our ethical concepts have come under pressure to change 
in response to what is seen as the needs of the times, 
Medical schools with overloaded technical curricula can 
find little time for ethics. Ali sorts of medical schools 
produce all types of graduates and sometbmes they are 
ethically blind, aware only of the status of the physician 
and not’ of the weight of moral responsibility that comes 
with it. Each year when I lecture to students on ethics, 
I commence with the complaint that ethics should not be 
taught in this way but in relation to their patient by 
every Single teacher in the faculty. I find these young 
people extremely concerned about ethical iSsues and more 
than a little confused with the reality that they are 
already beginning to comprehend. There is a conflict in 
their value ,systen, 


In this part of the world, we are inheritors of ancient 
cultures, Chinese, Indian and Malay and our traditional 
values still dominate our private lives and dictate the 
pattern of our behaviour and our responses to events. 
yet our professional lives are insulated from these 
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traditional values; in our professional behaviour we 

the distant inheritors of the Protestant—Puritan étiie = 
and of the Hippocratic tradition. There is this schizo- 
phrenic quality to our educate3 elite that I will not 
explore further on this occasion. 


__ We know little of the historical Hippocrates but the 

ideal of the good physician in the Oath is over 2,000 

fei old and was adopted by Christian Europe and Muslim 
Aba. 


_ You are all familiar with the Oath although few physi- 
cians take it and, no doubt fewer still measure their 
professional lives against it. 


The heart of the Hippocratic Oath is the injunction 
not to do harm, never to take human life, to keep 
confidences and to give equal consideration to people 
whatever their status. 


These are ancient injunctions and are contained in 
ethical rules of physicians in all our cultures. How 
have these honoured injunctions withstood the test of 
time in the face of technological change, 


To take one example, among the more important of 
these technological advances is the computer which can 
provide links between medical records and other data 
‘banks such as school records, police records, employment 
records. The individual's medical records are no longer 
maintained by a specific physician but owned and in the 
custody of institutions and access to then is beyond 
the control of the physician. The patient himself is 
often not directly in relation to the physician but to 
the organisation that employs the physician. These are 
all very important issues but my remarks today will be 
directed to the problems of ethics at the extremities 
of life, from the ethical consequences of termination of 
foetal life to the maintenance of terminal life. 


Abortion has been legalised in many countries. It is 
sometimes forgotten that the impulse for ‘the legalisation 
of abortion has come not from the medical profession but 
from the changing status of women and the grim hagards 
of illegal abortions, I would go further and say that if 
abortions were made illegal or if the laws against 
abortion were enforced where it is still illegal, I do 
not believe that the number of women seeking abortion 
would decrease but a vast jllegal abortion industry would 
spring up and only the poorest would be condemned to 
maiming and death in the hands of unskilled operators. I 
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shall not go into the profoundly important subject of the 
morality of abortion. My concern today is the conse- 
quences that arise from the changes in our norms of ethi- 
cally acceptable behaviour with regards to the embryo. 


Contraceptive technology has advanced very rapidly 
in the past few years. It is likely that in many 
societies, more births are prevented than permitted and 
there are countries that report more recorded abortions 
than births. The community as a whole and physicians 
in general have come to accept this with equanimity 
because it is argued as socially necessary in the face 
of pressures of population growth. 


It is possible now to poison spermatozoa with a 
variety of drugs, or with hormones suppress the release 
of the ovum and make the endometrium inhospitable. By 
adding a little copper you can induce the endometrium 
to shed an implanted zygote. A few millimeters pressure 
of suotion can extract endometrium and zygote even before 
& preganancy can be diagnosed. You can operate or you 
can stimulate the uterus to contract and expel the foe- 
tus prematurely. It is likely that drugs will become 
available in the near future from the dispensing machine 
that will safely inactivate the sperm in ae male, or 
induce a monthly abortion in the female. That's 
technology for you. 


As a result of social pressures, abortion is legal 
and ethical codes have been changed to accept abortion 
and to exclude the pre-viable embryo from the protection 
of the injunction not to kill. 


The question now arises of the status of the aborted 
embryo. Can the pre-viable embryo be used for experi — 
mental purposes. Can it be cannabilised for parts or 
used as an experimental subject. The embryo is not 2 
legal person under the law; the ethical code has per- 
mitted its destruction.Is there now any restriction to 
what uses it can be put. 


As you all know, foetal material can be obtained 
at an even earlier stage. For many years it has been 
shown in animals that oocytes could be extracted from 
the ovary and fertilised in vitro and reimplanted into 
the womb. Between 1970 and 1974, when Edwards raised 
the possibility of this in human beings, there were few 
who regarded it a serious possibility. Within a few 
years, it was an accomplished fact. You can now learn 
the technique in a fortnight and the numbers of centres 
and research workers able to do this multiplies each 
year, Multiple oocytes are withdrawn fpom the ovary 
and individually fertilized. A few are introduced 
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possible then there is the danger of cloned humanoids 
grown in surrogate uteri kept as ‘the imbecile in the 
backroom', available for the cannibalisin of parts for 
the wealthy and powerful who do not want > die. If 
controls in the developed countries prevent this sort 
of activity, will Some developing country be used for 
such profitable but morally abhorrent genetic farming? 


In the case of in-vitro fertilisation and transplant, 
if the ovum and sperm come from husband and wife, no 
moral or ethical issues arise. If in addition to blocked 
tubes the uterus is also unhealthy, then a surrogate 
mother can legally be used in the United States. The 
surrogate mother must be emotionally prepared and bound 
legally to relingvish the infant she has nutured to 
strangers whose gene tic material she has carriede The 
problem has already arisen of an infant born deformed 

by AID to the surrogate mother which neither party wants. 


A further step down the road is the establishment 
AID is used where the male 


of commercial sperm banks. 
tion of the women 


alone is infertile anc the impregna 
is culturally and emotionally 


personally by a strage man 
unacceptable. The p an acts as intermediary and 

undertakes the osk of instrumentally hele the semen 
in juxtaposition +o the cervical 0S. anks have 

been established in the 
becoming possible for 2 woma 
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sis of foetal abnormality has 


an important new indication for abortion. It_ 
Se ecepot ; ible to make the diagnosis much earlier 
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‘ early diagnosis of spina bifida and termination 
te taaelaae in cat countries although it has been 
found that the image of the embryo on the real-time 
scanner is sufficient to bond the mother to the foetus 
and for her to refuse termination. The other major - 
cause for termination is rubella infection, This 
involves the destruction of a significant number of 
normal foetuses, depending on the time of infection. 
Pre-natal sex determination is now possible and there 
are foetuses being aborted for belonging to the wrong 


SCX. 


The rule then is that once the defective foetus 
is born it is protected by the laws of the country and 
will be entitled to loving care, if diagnosed a few 
weeks before delivery it may be killed, Once born it 
can even sue for damages against persons who may be 
liable for having caused the deformity or for not 
having prevented it. Imaginative lawyers in the US . 
have even suggested legal action by the deformed infant 
for 'weengful life', i.e. for not having been killed 
and spared the misery of life. 


The extent of this misery is variable, The 
Down's infant is generally a happy and contented 
person although it will have more than its share of 
complications, The spina bifida, say a meningomy-— 
elocele, is assured of a long miserable life which 
will tax the parents to the utmost. Where the infant 
is born with an additional defect that is incompatible 
with life, e.g. Down's Syndrome with duodenal atresia, 
then can the infant be allowed to die by withholding 
surgery? You may think so, but in the recent Arthur 
case in the UK, a Down's Syndrome infant developing 
Signs of pneumonia on the second day was denied 
treatment and died. Dr. Arthur was saved from con— 
viction only by the appearance of a pathologist who 
could find multiple congenital abnormalities that were 
incompatible with life, | 


The technology to sustain 1if j j 

issues at the Shae extremity of Rite Soe Serta tho ee 
we go to use our new machines to maintain life. The 
issue of Sanctity of life is brought up with greater 
passion since the individual has developed a personalit 
and a presence and has emotional and economic links in . 
the community. No society accepts that human life is 
totally inviolate. Tribes and states since time imme 
Batson war ars members of other tribes 

ste ave annoyed em Many states still 
break the necks of individuals who ca ici 
big problems, Ironically those pitebe : per era 
tion are usually apposed to capital punishment ou ine? 


versa although I believe + 
favour both, e there are countries that 
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Some states make suicide illegal and if y ai 
in your attempt at suicide, you will be fantGhee tekng 
your pains, but this is changing. It is illegal as well 
as unethical for a physician to assist ina suicide ¥ 
Every phySician knows the terminal case who begs for 
his life*to be ended, more often I sense out of helpless- 
ness and hopelessness than out of pain. Where the 
patient is in pain, we have powerful drugs and techni - 
ques to relieve the pain, even if in the process life 
is shortened and. consiousness impaired. Béyond that 
physicians may not ethically or legally go. If society 
wants to give individuals the right to kill themselves 
then physicians wili have the ethical obligation, not d 
directly to help, but to continue caring. Direct involve- 
ment would introduce an ambivalence into the relations 
between the physician and patient and create new tensions 
that would destroy the heart of that relationship. 
Instead lay.organisations have sprung up that provide 
aaivice on how to kill oneself 2nd in Scotland you can 
buy 2 'do-it-yourself! booklet. 


In the United States, 'right-to-die' laws are 
being 2dvocated and the physicisn, in determining 
the vigour of resuscitative efforts, is expected to 
be guided by the wishes of the individual expressed in 
‘living wills'. Hospitals have their own policy on 
resuscitation. An elderty physician wrote Some years 
back, noting with bitterness, that he was not at the 
age where some London Hospitals would not resuscitate 
him if he had ventricular fibrillation. Yet another 
distinguished cardiologist died from a my-ocardial 
infarction because his physicians relunctantly respected 
his firm instructions not to be resuscitated, although 
he might had many years of useful life if he had. One 
wonders if he would have felt the same if he had been 
defibrillated and lived to recondider. Difficult though 
it is to talk about it, some patients should not be 
resuscitated but be permitted to die with dignity. We 
211 must die one day, ani as physicians we would choose 
2 massive myocardial infaraction before we becrme utterly 
senile; and we must live in terror that some enthusiastic 
intern: with 2 defibrillator would shock our tired heart 
and revive our weary brain, not to give us 4 new lease 
of life but only to prolong our dying. Lay persons who 
are enthusiastic for the physician to andertake eutha- 
nasia are full of the good intentions with which is 
paved the road to hell. These good souls must be un- 
aware of the complex emotions of guilt and recrimi- 
nations that engulf physician and patient, family and 
friends around 2 death bed. The patient with the 


leg2l right to die may change his mind each day, indeed 
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ur depending on the degree of pain and dis- 
sna es cedars late with those he or she : 
loves. Granted the right to die, he will look guts +s y 
at his physician each time he changed his mind ais 
feel pressured by the long, long suffering faces 0 
those who are to mourn his death, 


The brain damaged patient is an entirely different 
issue. If the cerebal cortex is permanently damaged, 
and physicians are agreed that coma is irreversible, 
then extra-ordinary measures need not be taken to sus— 
tain life, This means in practice that mechanically 
assisted ventilation is not offered but once init#&ated, 
disconnection is 2 more difficult matter, In the case 
of Karen’Ann Quinlan in the United States, the Court 
returned the decision to the physicians in consultation 
with the family, the ventilator was disconnected and 
the young women continued to breathe, still in coma. 


The new concept of brain stem death, as defined 
in the UK, neans that death has occured when there is 
permanent functional death of the brainstem. When the 


ventilator is disconnected, there will be no respiratory 
efforts and the heart will stop shortly. Even on the 
ventilator, dissolution of tissues will proceed and the 
heart will stop within a few hours to a few days. Once 
a diagnosis of brain stem. death is made, if an organ 

is needed for transplant, the ventilator can be left 

on to sustain the heart until the required organ or 
organs are removed from a beating heart cadaver, 


This concept has been’ cogently defended and the 
Conference of the Royal Colleges in the UK have 
clearly described how brain stem death can be estae 
blished, The importance of this new definition of death 
lies in the need for organs for transplant that have 
suffered as little anoxia as possible, The logic is 
perfect but we must make allowance for the prinitive 


reluctance + > ; 
eae. © accept as dead a body with a beating 


Our techniques for life su 4 
. x pport are improvi and 
most vital functions can be temporarily replaowas Shia 
ce technology and in a Society with limi 
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In the poorer countries, the choice may be Simple 
and Scarcity will determine that only those clearly 
going to recover to near normal life with reasonable 
life expectancy will be given the use of expensive 
resources. There are countries where unfortunately 
the choice may be simpler still and the politically 
most influential and the wealthy will get priority 
every time. 


Much of the decision-making on the allocation of 
heslth resources is out of professional hands, Ppoli- 
ticians make these decisions, physicians live with 
them. We have the technology to immunise children 
against diptheria, tetanus, poliomyelitis, whooping 
cough, rubella, measles, tuberculosis, even hepatitis 
B, and perhaps, liver carcinoma. The technology has 
been available for a long time to ensure clean water 
and safe disposal of sewage, control of vectors and 
prevention of pollution. Physicians do not have the 
power to determine how available technology will be 
applied out we do have an ethical obligation to speak 
out about it. 


However, the physician has wide discretion in the 
use of extraordinary medical life-saving therapy such 
as bypass operations, organ transplant, dialysis and 
the exhibition of expensive drugs, am normally exer- 


cises it without challenge. We are ethically bound to 
make our choice of patients to benefit from these 
technological developments on purely clinical grounds 
yet social criteria must inevitably creep in. In 
the UK, for example, it was found that medical indi- 
cations for dialysis were unconciously adjusted by 
physiciare to fit the number of places available. 
A majority of centres would regard with disfavour 
candidates above 60 years of ages When physicians 

in 25 renalunits were recently asked to evaluate 40 
atients in renal failure with a view to selecting 

O for dialysis, it was found that only 2 third of the 
patients would have been accepted by all units and 
no patiants were rejected by all units. This would 
suggest a considerable degree of subjective variation 
on what is purportedly an objective clinical decision. 
At Seattle, where they pioneered dialysis, a civilian 
board makes the choice with the help of specific 
criteria and the report on the deliberations of this 
Board makes depressing reading, inducing one to 
rovert to the view that these decisions are perhaps 
best left to physicians. In Los Angeles, optimum 
candidates are idontified, that is, with no other 
significant organ damage, and one is selected by lot 
to fill the vacancy in the. dialysis pool. 
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king these decisions or ndvising 
ve a greet say. It has been 
argued that physician have no training in ies eel 
sophy or ethical analysis, yet make what are essenti2lly 
moral decisions in the guise of clinical judgement, 
Philosophers may go on principle, but physicians have 
to decide case by case. My fears go further. Do 
physicians in fact function as gatekeepers to scarce 
resources, watchdogs for the Treasury, SO to speak. 
Does clinical judgement serve economic necessity and 
are physicians the instrument of politically determined 
rationing of scare resources. In prtvate practice, 
those who cannot pay can either go to a state hospital 
or go home and die, you ration by ability to pay. 
Extraordinary life saving technology such as by-pass 

or dialysis are purchaseable. Where it is available, 
the family is under great emotional pressure to pur- 
chase it with whatever resources they have for the 
satisfaction of having done everything possible. Have 
you ever heaved a sign of relief when 2 patient in 
renal failure died before the family could sell every - 
thing they owned, and got in debt to purchase a few 
weeks of dialysis time? These human tragedies will 
increasingly press down on physicians as medical 
technology advances and more can be done. For example , 
when the problems of transplant rejection are solved, 
there will be an explosive increasc in demand for 
kidney, liver, heart and other organ transplants; or 
for the machines that are invented to do the task, 

Has the physician the moral qualities and the ethical 
strength to mike these choices, or even to advise on 
them and to quietly reject decisions thnt are contrary 
to his or her conscience and his or her ethical 
Standards. Or will events make us the custodians of 
interests other than those of our patients, 


The physicians ma 
on them will in practice ha 


; We are not permitted as physicians, ethica 

in good conscience, to diptinerieh netwoenentt Et aiaeere 
and indigent, prime minister and peon, political prisoner 
and parliamentarian. Is this a sustainable position 

in any society? When it is breached, then where do 

we stop. If a tyrant needs a young heort to transplant 
will there be physicians ready to oblige by dingnosing ; 
brain stem death in the prospective donar? | =e 
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ment in the role of technologists dependent on expensive 
equipment and highly trained staff. Physicians are not 
invariably men or women of special moral qualities or 

of a compelling sense of voc2tion. They are selected 

&s young men and women essentially for their examination 
results, and may be motivated by the high status and 
large incomes that they believe is assured by a medical 
career. If at medical school they see that their 
contemporaries lack ideals, that- their teachers talk 
like tradesmen and, when they graduate, discover that 
the leaders of the profession are merely successful 
tradesmen in white coats, then all is lost. Under these 
circumstances, the chances of an ethical profession 
surviving are smaller than that of a snowball in the 
streets of Singapore. 


Ours is a noble profession but it. will not stay 
noble unless its members are individually seen to be 
noble in their aspirations and endeavours. We must 
at all cost cling on to certain constant values as a 
profession, most of all an invariable respect for human 
life. If our professional ethics suffer brain stem 
death, then the annual ventilation of SMA Lectures will 
not keep off the stench of dissolution. 


But I believe the high ideals of medicine will 
prevail. I believe that the practice of our art of 
itself tends to enlarge the conscience and humane impu- 
lses of its pracitioners. I believe that society as a 
whole needs in the most profound way the existence of 
physicians that people can respect and trust, next only 
to their separate gods and this will force the profession 
against the threats to our ethical standards lie in 
incre2sing awareness of these issues both within the 
profession and without. The profession must provide 
leadership in discussing ethical issues, We should 
discuss these issues with dignity and defend our ethical 
positions with passion’and when the community sees that 
we stand up for values, and not only for our personal 
advancement, then they will be with us. Whatever the 
technology, we must keep the doctor - patient relation- 
ship at the heart of the practice of medicine. We 
live on the threshold of the 21st Century and we must 
prepare for the future by refining our ethical concepts 
and developing the application of our ethical code so 
that the medical profession is seen to be firmly on the 
side of those in our care, willing to defend their 
human rights and in whose care their rights will be safe. 


In conclusion, may I remind you of the first Aphorisnm 
of the Hyppocratic Collection, whose humility and wisdom 
Should be our guides 

"Life is short and the Art long, opportunity fleet- 
ing, experiment dangerous and judgement difficult". 
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A NEW DIMENSION IN NMR 


By Thomas H. Maugh 


Two-dimensional nuclear magnetic resonance(2D-NMR) 
spectrometry may wéll be the fastest growing area of 
spectrometry today. While there are, in theory, few 
things that can be done by 2D-NMR that cannot be done 
by conventional NMR, in practice there are vast diffe- 
rences. In general, 2D-NMR does things more sinply and 
more quickly (when interpretation time is considered); 
in many cases, furthermore, interpretation of the 
resultant data can be performed by a novice rather 
than by the skilled spectroscopist required to inter- 
pret conventional NMR studies, 


NMR can be performed on any atom having a nucleus 
with nonzero Spin angular momenta or, equivalently, a 
magnetic dipole moment; typically, that is an element 
with an odd atomic number, such as hydrogen, carbon-13, 
nitrogen-15, oxygen-17, and so on. The sample is 
inserted into a high magnetic field, which orients the 
dipoles, The dipoles’ are then perturbed by a radio- 
frequency (r-f) pulse, and their subsequent collective 
behavior monitored as a function of time. Fourier 
transformation of the resulting anplitudée-time function 
produces the characteristic NMR Spectrum, with each 
resonant nucleus giving rise to a peak at <« position 
on a frequency scale. The position of this peak rela- 
tive to a standard is called the chenical shift and 
is characteristic of the electronic environnént of the 
nucleus, The signal for each chenical Shift, further- 
more, iS Split into two or more peaks as a result of 
coupling between nuclei transnitted through bonds; in 
effect, the dipole of one nucleus "senses" the oricn- 
tation of the dipole in an adjacent nucleus, 


For simple molecules, the spectrum is easy to 
interpret. AS the molecule becomes more conplex, 
individual peaks begin’ to Overlap and interpretation 
becomes more difficult. For very large molecules anda 
polyners, interpretation beconces almost impossible 
without the use of sophisticated techniques that aia 

in assigning resonances to Speoific nuclei, 2D-ynyR> 

is a technique that separates many of the nagnetic 
interactions that are jumbled together in a conventional 
Spectrum, It was developed in the early 1970's by J an 
Jeener of Universite Libre in Belgium and by Ray Fr pc 
and Richard Ernst at the Varian Corporation: Pre ee 
is now at Oxford University and Ernst is at’ Milgoree } 
technische Hoehschule in Zurich BN at aloe 
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Perhaps the best analogy that can be used in 
explaining the difference between conventional and 
eD-NMR is the difference between one-dimensional and 
two-dimensional thin-layer chromatography (2D-TLC). 
In conventional TLC, a specific solvent system is 
used to elute the samples along one dimension of a 
TLC plate. In 2D-TLC, the plate is rotated 90° after 
the first elution and eluted with a second solvent 
system to separate components that were not separated 
by the original solvent system. 


In 2D-NMR, the second dimension can be achieved 
by several methods, The simplest way, perhaps, is to 
plot the spectrum for one nucleus against that for a 
second type of nucleus in the same compound. A proton 
Spectrum might be plotted against the carbon-13 spectrun, 
for example. When this is done, the plot gives a direct 
indication of which protons are coupled to which carbon- 
1 4 atmos. 


In this and other cases, the second dinension is 
achieved by introducing a second r-f pulse (or set of 
pulses) before relaxation from the first pulse is 
complete. By varying the timing of the pulses, it is 
possible both to tune (in effect) the spectrometer to 
each of the couplings in the sample molecule and to 
perform different types of experiments. A Fourier 
transform of the collected data provides 2 conventional 
NMR spectrum. <A Second Fourier transform of the sane 
data — that is, a transform of the transform - provides 
the second dimension. 


The result is a two-dimensional plot such as that 
in the accompanying figure. The diagonal represents 
the actual one-dimensional spectrum of the Sanple. As 
is apparent, many pairs of data points on the diagonal 
are accompanied by symmetrical data points on both sides 
of the spectrum, arranged so that the four points form 
the corners of a square. This arrangement indicates 
that the nuclei which produced the two resonances are 
correlated. In a proton spectrum, for example, this 
might mean that the protons responsible for the signals 
are attached to adjacént carbon atoms. 


Applications of 2D-NMR can be broken down into 
four gener21 categories, al1 dependent on the sane 
type of mathematics: 


aThe nost common application is known as correlation 


spectrosco or COSY. This approach involves corre- 
istion of Srchipe that are thought to be coupled 
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; fact, coupled. 
ach other to prove that they are, in Sty 
pe Raciertaea that tay hep sinilar information is called 
spin echo correlation spectroscopy or SECSY. 
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~The second most common technique is called a 
resolved spectroscopy. It provides a way to separate 
the chemical shift of a nucleus from the coupling to 
other nuclei, thereby sinplifying the spectrun and 
naking it easier to assign each resonance to a speci- 


fic nucleus, 


- Nuclear Overhauser effect spectroscopy (NOESY) 
is a technique to neasure the interaction of nuclei 
through space rather than through chemical bonds. 

It is thus a good technique for determining distances 
between nonadjacent residues in a peptide chain, for 
example. 


*® Multiple quantum transitions is a technique in 
which molecules in a sample are forced to absorb or 
enit several quanta of energy at one time. This is a 
very powerful technique: which can be used, for example, 


to determine which-carbon atoms in a molecule are 
connected to which other atoms. This is one of the 
least used applications, says Ad Bax of the National 
Institute of Arthritis, Diabetes, and Digestive and 
Kidney Diseases, "because of the inherent low sensi- 
tivity of the experiment", 


The use of 2D-NMR for small molecules is now 
"almost routine," says Bax, particularly in the pharma- 
ceutical industry, where identification or confirmation 
of unknown molecules is very important, and among 
synthetic chenists, But perhaps the area of greatest 
excitement now, he adds, is in biochenical appli- 
cations. About five or six groups in the United States 
and three or four in Burope are using the technique 

to study the conformations of polypeptides, proteins 


(up to masses of about 15,000 daltons 
RNA's, and so forth : erate 


Two-dimensional NMR is the only 2lternativ 
X-ray crystallography for determining structures pre 
Bax. If the assignment of spectral resonances £6 indi 
vidual nuclei within a protein has already been acco a 
plished, the three-dimensional structure of the protein 
ae deternined, "in principle, Overnight." If the 
but potentially stil] Less tine shat gs much, Longer, 
_poventially .s 1 le ime an is re 
ast crystallography, The problem is aienticieh ie 
ere are nistidine residues, for exannle in th 
active site, since they are easier to assign. ‘. 
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The same is true for other types of materials. 
Brian Reed of the University of Washington argues 
that 2D-NMR will almost completely replace x-ray 
crystallography for determining structures of tRNA's, 
Unfortunately, adds David Cowburn of the Rockefeller 
University, a lot of the best work on polymers has 
been performed by industrial scientists who have not 
been able to publish all of their results. 


As versatile a technique as 2D-NMR is, there are 
still several problems associated with its use, The 
nost important is the time required for data acquisi- 
tion and workup. Where a conventional FI-NMR spectrum 
might have 2000 data points for each of 256 or 512 
scans accumulated for a spectrum, a 2D spectrum will 
have a 2000 x 2000 array of data points for each. 
Quite obviously, this requires a lot of data storage 
space. The collection time for this data may range 
from an hour to a whole weekend, For 2D-NOE, further - 
nore, it is often necessary to perform each experinent 
three to four times, 


Once the data is collected, each of the 512 
scans must undergo a Fourier transform, which is a very 
time-consuming process. If the NMR instrument has 
only one central processing unit (CPU), the transforn 
process must be interrupted each tine a data point is 
collected, which further lengthens the time required. 
Many investigators now prefer to perform the trans- 
form on a larger computer separate from the MMR. One 
step to help alleviate this problem is the introduction 
by Varian of an NMR containing two 32-bit CPU's that 
operate independently, one for data collection and 
one for data processing. 


Another problem is the size of the memory asso~ 
ciated with the CPU. Most 2D-NMR spectrometers have 
only 128 to 256 kilobytes of memory, S° only # snall 
portion of the data natrix can be worked on at any time; 
this result must then be written onto a disk and new 
data read. The read/write process takes much nore time 
than the actual computation. The Varian instrument has 
a 16—megabyte memory, so that the Cpu must access the 
disk only about a tenth as often, This means that a 
computation that takes hours on another instrument night 
take only minutes on the Varian unit. Even this may 
not be sufficient, however. Many users argue that the 
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instruments should use Winchester hard disk drives; 
these are not only faster but they also store more 
information. Many investigators also complain that 
the programs produced by the instrument makers for 
running 2 program of second pulses are not optimum for 
many of the less common uS&S. 


In sun, says Cowburn, 2D-NMR has many benefits in 
addition to those already cited. Because the instru- 
ments have increased sensitivity, spectrometry of 
unusual nuclei and of solids will also become easier. ~ 
"Many barriers", he concludes, "will simply disappear". 


‘e 


(Science, 22444644 (April 6, 1984) pp. 46-47) 
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SEWAGE AS A VERSATILE RESOURCE 


By PC. Bhattacharyya 


One will not ve right to regard sewage only as a 
source of obnoxious smell and a breeding ground of 
mosquitoes and other disease-carrying bactéria. Today, 
sewage is regarded as a versatile resource, It can 
be processed for making drinking water and even for 
uses for agricultural and industrial purposes. Various 
countries including Poland, Germany, China, USA, USSR, 
Indonesia, Hungary use sewage for culturing fish and 
making soils for cultivatine field crops. Sewage-fed 
fish culture as a comnercial venture is also under- 
taken in India in the various states including West 
Bengal. The project is more beneficial than using 
fertilisers, In addition, disposal problem of sewage 
can be solved, 


Besides industrial wastes, domestic sewage is 
also harmful. It contains human excretea and also 
many dirty materials including several microorganisms, 
When sewage disposal is not properly managed, several 
diseases such as typhoid, polio, dysentery, cholera 
may occur in an epidemic form. Fer want of dredging 
the canals also, navigation may also be hampered. 
During rainy seasons, both sides of the canals may be 
flooded. The sundry water leaves the residue making 
it a breeding place of insects. But these problems 
do not arise when treated sewage is applied in the 
agricultural fields. In India, there are about 132 
sewage f2rms. Thesé use about 225 million gallons of 


sewage each day. 


Considering the potentialities of sewage, there 
is need for more sewage farms. The developed nations 
like London. Paris, Berlin provide good number of 
sewage farms and use treated sewage for increasing crop 
productivity. One advantage in using sewage is that 
it provides also substantial revenue to the munici- 
palities and the corporation. Consequently, regular 
dredging may be highly beneficial. Fertilisers cost 
may be cut on one hand, disposal of sewage may be 
solved on the other. Wise disposal may earn revenue 
from which dredging expenditure may also be compen— 
gated. The slilts recovered may be utilised in making 
bricks, At present, sewage sludge is mostly applied 
to filling up low lands, This way 01 disposal of 
sewage affects environment. Underground water is made 
unfit thereby for drinking purposes. 
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In India the quality of discharged icparee: ere 
human ay? industrial use is also eal peers Pose 
3.000 million litres. But it is unfortuna e ; 
aptil now, not more than 2 per cent of it has ere ae 
utilised for fish culture although by using Pippa i 
sew2ro as source of manures, annual fish production 
can greatly be improved. Germany, China Indonesia 
and other countries obtained fish. Production was 
about 2.5 to 4.00 tonnes per hectare per annum using 
sewage only as the manure source, One advantage 1s 
that this way of culturing fish involves meagre 
investment. 


Fish converts biowastes into edible protein. 
Bacteria, fungi, Zooplankton and algae degrade complex 
materials such as proteins, urea, cellulose, fats, 
carbohydrates present in raw sewage into an effluent 
rich in potassium, nitrogen, phosphorus etc for 
culturing fish. 


Sewage water, therefore, can be transformed into 
fertile waters by stagnating it for some days. The 
excess of water drained out from the sewagé—-fed fish 
ponds can also be used for irrigation purposes parti- 
cularly for cultivation of vegetable crops, cononut 
palms, various fodder crops ete. Income from this 
source can also vary from 7.5 tonres to 8.5 tonnes per 
hectare per annum depending on survival of the 
fingerlings. | 


Application of sewage is not made onlv to increase 
crov pre uctively but also to raise soil productivity, 
India being a vast potential of organic wastes having 
sufficient plant nutrients, it may have an ample oppor-= 
tunity to use it. In addition, the Sludge that is formed 
during treatment of sewage can also be potentially 
applied for the said purpose since sewage Sludges are 
predominantly organic in nature and consist of about 
40 to 60 per cent of them. Using sewage sludge on 
agricultural lands may, therefore, be a potent way of 
managing Sludge disposal too. Sludge, in fact, can 
be applied to maintain soil productivity, environment 
anc Minimise impact on healths of animal ana man. 


However, Sludge cannot be applied 

Considering the environmental inpacte“Praa Mien eioe 
concentrations of nitrogen and toxic elements especi 
lly cadmium, the US Environmental Protection pt cee 
formulated a policy for applying Sludge in the a ne 
cultural fields. It has set up 4 etandard such th t 
4m no case, cadmium concentration exceeds 2 kg ¢ 
hectare and that proportion of nitrogen is to Se ee 
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so as to fulfil crops nitrogen requirement or to 
meet the losses of nitrogen that take place through 
dentrification and volatilisation. The US, the UK, 
Netherlands, Sweden, Germany have followed this 
standard. 

A recent report by the Central Board for the 
Prevention and Control of Water Pollution revealed 
that production of sludge in India is poor. Being 
dependent on sewage treatment, it receives little 
attention uptil now. The report shows that only 57 
per cent of the liquid wastes receive some form of 
treatment. Sludge can serve as an important resource 
of plant nutrients with minimum environmental hazards, 
It is reported that various nitrogen, phosphorus and 
potassium manures can be obtained from the urban and 
rural wastes. According to a report about 11.025 
million tonnes of nitrogen. 5.527 metric tonnes of 
phosphorous pentoxide and 9.542 metric tonnes of 
potassium oxide may be obtained from these sources. 


3, 4 (Feb. 16-19, 1984) p.7) 
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HAZARDS OF POLUTION CREATED BY INDUSTRIAL EFFLUENT 


By BeBe Sundareson 


ical vollutants from industrial wastes wary 
from jr ayaa to the permanent and from the locally 
to the globally distributed. Their threat to ecologie 
cal systems is generally proportional to their persis- 
tance and ubiquitousness. The pollutants that are of 
concern to ecosystems are those chemical elements 
(Cd, Pb, Hg) that do not break down and those that 
resist degradation (PCBs) for years or even decades. 
These chemical pollutants have been found to enter 
the aquatic and human food chain through bio-accumu- 
lation and biomagnification. 


Methyl mercury present in the wastewater dis-— 
charged from an acetaldehyde manufacturing process 
(using mercury as catalyst) entered the food chain 
through bioconcentration by fish in Minamata Bay, 
Japan. Fish from this area caused a neurological 
disease known as 'Minamata disease' in the heavy 
fish eaters which resulted in fatal cases as well. 

Such episodes of heavy metal accumulation in aquatic 
food chain organism as well asin plant foods have 

been reported around the globe. The 'itai-itai' 
disease in Japan after World War II was traced to 
cadmium poisoning. Cadmium present in the wastwater 
from a mine processing copper, lead and zinc was 
transported by suspended particulates to paddy crop 
irrigated from the Jintsu River which received the 
process wastewaters. Studies showed good correlation 
between the disease and the cadmium concentration in 
the rice. It has been shown that in several instances 
the metal enrichment surpasses that of natural environ-— 
ment many times over; (i) metal levels of organisms are 
100 times greater in polluted inland and coastal waters 
than in less contaminated areas, but no food chain 
enrichment in classic sense of the term as found for 
organic pesticides (DDT); (ii) upto 100 times 'normal' 
athry os — observed in water Samples; and 

iii) Sediment samples indicated r lé 

10,000 times tvaua ee uncontaminated mrceaa: aan iis 


22 oe ee rahe of the sparingly Soluble metal 
ponents are although, immobilized j i 
3 2 m in particulat 
and relatively harmless é : 6s 
Lat 4 S, One can not overlook the 
che ed yh — metals can be released by the accu ee tO 
bidet due to anthropogenic and microbial influence 
vince the latent tocic effects of heavy metals not ete 
. : . ~ 
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clearly understood anc until all doubts about the 
effects on the biological food chain and Ccrinking water 
supplies removed, heavy metals should be kept to a 
ninimum in all aquatic systems. i 


A variety of organic chemicals which fall under 
the category of recalcitrant compounds (chlorinated 
pesticides, PCBs, etc.), when released into aqueous 
environment through different routes, get enriched 
in the aguatic food chain organisms through the 
classical biomagnification process. It has been 
observed that the higher the trophic level of the 
organism in the food chain the more it receives 
through food. 


In Clear Lake, California, plankton accumulated 
250 times the DDD, similar to DDT, in water, fish 
12,000 times and fish eating birds 80,000 times. 
Aquatic birds near the tep of the food chain have 
been found to contain 10° times DDT found in waters 
from which they feed. Such a biological magnification 
of pesticides and other organics may result in making 
the fish and birds unsafe or even hazardous for human 
consumption. Greater nagnification is reported with 
organochlorine derivatives because of their persistence 
and higher affinity lipids. 


Phosphate and nitrate popularly known as nutrient 
elements in the ecosystem, discharged through industri- 
al and domestic wastewaters as well_as agricultural 
run-off, do not cause any direct hazard but are found 
to induce eutrophication in lakes and reservoirs. 
Phosphate, even in snall quantities, stimulates algal 
blooms which are resposible for the degeneration or 
death of many natural .lakes polluted by industrial and 
domestic wastes. Lake Zurich in Switzerland, the 
four lakes in vicinity of Madison, USA; and Lake Erie, 
Canada are some of the classical examples of induced 


eutrophication. 


Discharge of large quantities of oil along with 
the effluent from an Oil Refinery set the river aflame 
and resulted in the suspension of water supply to the 
town and the refinery near Monghyr, Bihar in 1968. 


4 study conducted by NEERI in 1969 on the water 
quality of the Danodar river in the industrialised 
Asansol-Durgepur region, showed that the river water 
had a BOD, 30 mg/1; phenol, 3mg/1; iron, 8mg/1 and 
‘cyanide, 0.5 még 1 and was due to discharge of large 
volume of industrial wastewators from stecl. cock 
oven, coal “£45 and coal based chenical industriecse 
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unfit for spb giene ae or 

i ife, Discharge of untreated wastewater trom 
Soe ga dye industries into the Last bbe oe ey 
Kalu river near Bombay, resulted in lowering ee 
the river water to 4.0. The Ganga at Kanpur rec 
the domestic wastewater from 1.9 people perpen oe 
Kanpur (1971 census) along with the epee kel : 

45 tanneries, 10 textile mills, 3 woollen mills, sees 
Jute mills and a number of chomnical and pharmaceutic 


industries, 


The river water was found 


oozhly estuary near Calcutta receives untreated 
gomestig and rade atl wastewaters to the tune of 
6.7x 10° m?/a of which industries contribute 66% with 
a pollution load of 52 tonnes/daye The bacteriological 
quality of the raw water from the six water works and 
bathing ghats located on either side of the bank was 
alarmingly bad since faecal coliforms were found to be 
higher than the standards laid down for bathing ghats. 
The plankton counts reduced appreciably and practically 
no fish observed in the 100 km stretch between Kalyan 
and Birlapur.of the Estuary. 


The Upper lake at Bhopal being a water source for 
the city is shown to be polluted more intensely at 
points within a few metres of five of the six water 
intake wells due to the discharge of sewage from the 
residential areas in and around the intake points. 

The other lake known as Lower Lake receives waste— 
waters and is rendered useless because of eutrophica- 
tion and vegetative growths. 


Large scale fish killed in the estuary near Goa 
was reported to be due to discharge of wastewater 
containing ammonia and arsenic from a nitrogenous 
fertilizer factory. JZingde et al reported arsenic 
levels in estuary waters of Zuari river to be as high 
as 66 mg/1 in selected locations. The fauna and flora 
of coastal and estuarine waters around Goa were found 
to contain trace metals. These studies also revealed 
the presence of recalcitrant chemicals in the marine 
environment around the Indian sub-continent which 
could be attributed to release of industrial effluents, 


The Water (Prevention and Contro 
the Central Government and its pubeneioattieae ee 
apa Gp States (excluding the 5 North-East 4411 States) 
mantels cuniites seco cee eat o guarding environ- 
initiated actions in regard ne (7) eee eee 
monitoring programme to collect baseline hnee pe 
water quality for classification and 2onine of wane 
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for best use; (ii) preparation of comprehensive industry 
documents for suggestine types of treatment and develop- 
ing Minimal National Standards (MINAS), based on techno- 
economic study, for discharge of treated wastewaters; 
and (iii) survey of industrial and municipal wastewater 
collection and treatment facilities to arrive at the 
inputs required for the control of pollution. Insti- 
tutions like NEERI Teehnological Institutes and Uni- 
versitiss have been providing the required R&D inputs 
for the development of pollution control technologies. 


a recent survey carried out by the Central Board 
revealed that the total industrial wastewater generated 
in the country constitutes only 10 per cent by volume 
of the total wastewater generated by all urban settle- 
ments. It is observed that out of 27,000 large and me- 
dium scale industries, 1700 have been identified as © 
water polluting industries (excluding those from 
Maharashtra State). Further in the beginning of 1981 
there were 460 industrial wastewater treatment plants 
in operation of in commissioning stage. Since 251 more 
treatment plants either under cons’ ruction or under 
planning, it can be assumed by the early 1982, there 
were 711 industrial wastewater treatment plants in 
operation. 


In addition, hazardous semi-solid and solid 
residues from industries dumped on land surface, may 
release pollutants due to leaching into surface and 
ground water sources, for which adequate regulatory 
measures will be needed. 


Fresh water reSources of the World being limited, 
get increasingly polluted due to urbanisation, industri- 
alisation and agricultural practices. Toxic compounds 
hitherto unknown are being detected in several water 
supplies even in developing countries. Further water 
resources being finite and future demands for water 
increasing, recycle and reuse of wastewater for industry 
and agriculture have been recognised as a viable 
alternative. 


Xenobiotic compounds released into industrial 
wastes, by anthropogenic activities, are not . 
effectively removed in the conventional biological 
treatment processes and thus reach plants through 
soil, aquatic fauna and flora through rivers, Lakes, 
coastal waters end oceans. They do not just disappear 
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by natural mechanisms. The hagardous potential of 
several xenobiotics as well as heavy metals and the 
damages caused to several facets of ecosystem have 
been recognised and well documented. Although, mode 
of transport of several substances present in 
industrial wastes through environmental naterials 
and their acute effects on human health is known, 
there is much less information about their long 

term exposure or ingestion. If the current trend is 
allowed unchecked the environmental degradation would 
reach a stage of upsetting the life supporting 
capabilities of the earth before the end of the 
Century. 


( Science Service,3_,4 (Feb. 16-29, 1984) pp 4-5 ) 
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SEARCHING FOR NEW SOURCE OF ENERGY 


By Stanifc_th Webb 


Oil companies drill exploratory wells and bring 
up Sampies, which are then analysed for the richness 
and maturity of the organic detritus they contain. 
Diagenesis, the process whereby plant material matures 
into oil and gas, takes about 150 million years; 
strata which have not had as long as that to mature 
are unlikely to contain useful amounts of oil or gas. 
Conventionally, samples are analysed by two techniques, 
One is lithographic logging, in which the types and 
quantities of fossil material are analysed. The other 
is litrinite reflectance, in which the colour changes 
found in the organic matter in the sample are analysed. 
Successively higher temperatures at different times 


will have caused successive colour changes from cream 
through yellow and brown to black. The colours record 


the temperatures to which organic material has been 
exposed and this, too, provides data about its maturity. 


In 1974 a team led by Dr. John Bather in the 
University of Manchester Institute of Science and 
Technology (UMIST) department of chemistry, then work- 
ing with the support of the UK department of Energy 
and the Burnah Oil Company, began to develop an alter- 
native technique using analytical chemistry instead 
of fossil or colour records. Building on earlier 
work, they looked at the chonjstry of samples using 
pyrolysis, heating 2 sampic in the absence of oxygen 
and identifying and measuring the amounts of volatile 
gases that are evolved one by one at increasing 
temperatures, as solid and Jiovid organic compounds 
volatilize. Over four years! research Bather 
established the patterns of volatiles given off 
with increasing time and temperature by samples con— 
taining organic matter of different degrees of naturity. 
He found that the patterns repeated thenselves extre- 
mely well with similar samples, giving rise to the 
4de2 that the technique might be used to analyse samples 
from exploratory oil drillings. This led to the develop- 
ment of system used for a commercinl service. 


Volatile compounds produced during pyrolysis are 
analysed by gas chromatography and mass spectroscopy, 
under the control of a computer which effectively 
automates the process, Breakdown of 4 complex mixture 
of organic compounds known together as Kerogen is 
observed. Ingredients of Kerogen, terpenes anc 
stoarenes for example, the moleculos of which aro 
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Jinks between svilphur, carbon, 


nornallv held together by art and volatilize. Computer 


nitrozen atoms, break “yp : 
as analyse such things as the ratio set bog 
organic compounds with odd numbers of carbon aton “at 
those with even numbers. In mature strata that pronis 
to be rich in oil the ratio is near to equality; in 
very immature strata it is about five to one. 


The way in which the complex molecules of chloro- 
phyll, the green pigment that traps sunlight in green 
plants, have broken down is another factor measured. 
It provides data about the maturity or otherwise of 
the strata from which a sample has come. These and 
several other things are compared automatically with 
the results obtained by pyrolysing samples of known 
maturity. 


The whole process takes about one hour per 
sample, as compared with between’ four and fourteen 
days for conventional techniques. During the 
drilling of an exploratory well an oil company 
takes an average of some 400 samples, of which 
about half need to be analysed before a decision 
can be taken to pursue the work or to abandon it. 
Bach day's offshore drilling costs about £60,000 
and the average exploratory well costs about £6 
million before drilling is complete. 


Only one in ten such wells look promising enough 
for oil or gas to be extracted and only one in three 
of those eventually turns out to be a good commercial 
proposition. So, each economic well trails behind it 
a cost of around £180 nillion in wasted time and drill- 
ing non-productive wells, Obviously, anything that 
cuts the time wasted in deciding whether to proceed 
with wells is going to save a lot of MONCY. 


With this in mind, Bather's team has set up a 
company called Datachem. It came into being late in 
1981 anc 1S now analysing samples provided by oil 
companies, at a cost of £300 per sample. Samples 


weigh only between 10 and 50 grams, so th 
to send around the world. al : ee 


Meanwhile, in a section of a 
biology Set up about three years pe uMIst. 
Scientists have made it possible for one of the 
alternatives to petrol and diesel Oil, namely fuel 
alcohol, to be produced more cheaply. Alcohol ‘a 


produced through the fermentat; 
Ly 3 ter ion of sugars b 
microscopic fungi which break down sugars to i Aart 


the energy they require, meanwhile producing ethanol 
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and carbon dioxide as waste products. The linit 
the strength of the alcohol pew teed that can ee ne 
produced by yeasts is set by the fact that above a 
certain concentration alcohol kills them. Normally 
the performance of yeasts as fermenters falls off 
Sharply when concentrations rise above roughly ten 
per cent of alcohol by volume, and they are killed 
before concentrations reach fourteen per cent. Beyond 
that strength, alcohol for use in fuel or for other 
purposes, including/in spirits, has to be distilled to 
make it more concentrated. Expensive energy is used 
in the process. : 

/ drinking 


Obviously, it would be advantageous to develop 
strains of yeasts able to work in higher concentra- 
tions of alcohol and to work more efficiently in con- 
centrations that impair the performance of existing 
yeasts. But the effects of alcohol on yeasts are 
complex; growth rate, viability and fermentation rate 
are affected separately, making it very difficult to 
use conventional techniques to identify and isolate 
nutants that have a better alcohol tolerance. Dr. 
Stephen Brown in the department of biochemistry and 
applied molecular biology developed an alternative 

and ingenious approach which has proved successful. 
They used a feedback system in which the intensity of 
selection in yeasts that are made to evolve to become 
nore tolerant is fixed by the culture itself, via a 
feedback circuit. 


The technique involves taking the carbon dioxide 
evolved by the experimental culture and using it to 
control the switching on and off of 2 pump delivering 
alcohol to the culture. When the culture adapted to 
greater concentrations, by producing nutant strains that 
were more tolerant, the production of COs increased and 
more alcohol was fed to the culture. Eventually, the 
rate of CO, production fell, at which point the pump 
was autonatically switched off. 


In this way the UMIST team succeeded in producing 
strains of yeasts which were able to tolerate higher 
concentrations of alcohol than the best brewers! yeasts, 
and had fermentation rates of more than twice those ot 
the best lager yeasts in the presence of a concentration 
of ten per cent alcohol. 


This work has been supported by the UK sugar 
refiners Tate and Lyle and is likely to find its 
first applications in fermenting sugar cane into 
fuel alcohol. 


(PTI Science Service News, 3, 10 (May 16-31, 1984) 
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The use of the term ‘energy conservation! is 
really inappropriate since it has suggestions = do-= 
ing without, of having to suffer to succeed, and a 
hair shirt approach. 


ACEC defines energy conservation as the adoption 
of any mensure that cost-effectively increases benefits 
relative to the amount or cost of energy consumed, 1G. 
conservation measures must be economically sound with 
the benefits outweighing the costs. Reducing energy 
use per se is not included in this definition, but 
switching from a scarce and more expensive source of 
energy to one that is more plentiful and cheaper would 
be included if the benefits outweighted the costs, So 
also would improvements in energy efficiency that 
result from technical change. 


The importance of energy efficiency: 


When economic viability. and possible take-up 


rates are taken into account, the realistic saving in 
UK energy consumption is about 20% by the year 2000 


for all sectors — worth more than £ 5 billion at 


today's price at the turn of the century and so there 
is a lot to go at! 


The following factors demonstrate the importance 
of a continuing drive towards greater efficiency: 


-Cost effective energy Saving measures will make 
industry, and indeed the country, more efficient, 
competitive and profitable and better equipped to 
win and hold markets; 


~By reducing pressures on energy supplies ! 

1 plies _rti- 

cularly Oil dependency among OECD seats oe 
more efficient use of energy is lik 
then the cha ! np htm 
wide; 


frong= 
nee to contain energy prices world- 


-In many cases energy efficiency measures can be 
introduced without the environmental contr 
versy that often surrounds new supply otearea 
The impact of energy supply activities pa a 
longer be considered small and the external — 


costs of supply are comine 
> . ¥ x4 und ay =n > > 
scruviny; ne er ever-increasing 
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—- In relative terms, for a given quantity of energy 
the costs of improving energy efficie™cy are ‘ 
often less than the costs or supply; many energy 
efficiency investments offer distinct benefits 
in terms of their high returns, short lead times 
and low technical anc commercial risks; 


Energy efficiency measures will provide spin- 
off benefits on employment not only through 
stimulating the provision of energy saving 
equipment and services, but also by increasing 
the competitiveness of the nation. 


Progress in the UK 


On a heat a fee basis, energy consumption in 
the U.K. fell by 11% from 19735-1982 (i.e. 244 to 217 
Mtce). Industrial energy use fell 35%, while domestic 
use rose 4% and transport by 8%. 


What lies behind these figures? ACEC has examined 
the trends in some depth and has concluded the U.K. 


progress in energy conservation has been poor compared 
with many other countries. While there has clearly 
been a quickening in the rate of fall ir the energy 
intensity of the UK economy (ie primary energy con- 
sumption/GDP) over the past decade much of this has 
been due to the decline in industries, ie structure 


change e 


In the industrial sector, two factors have accounted 
for most of the 35% decline in energy consumption. About 
20 percentage points have been due simply to reduced 
jndustrial output. A further key factor has been the 
change in mix of industrial output itself, away from 
energy intensive activities - the most notable example 
being iron and steel production. After account is 
taken of these factors the rate of increase in real 
energy efficiency in industry appears to have shown 
little improvement compared with the rate of progress 
before 1973, in spite of the large potential for cost- 


effective measures. 


A key factor in this has been the lack of econo- 
mic growth and so the slower introduction of technolo - 
logical changes. These and the relatively high fixed 
energy costs at a time of low capacity utilization 
have largely offset the benefits from low cost ‘good 
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housekeeping' energy-saving steps and other pees i 
such 2s the closure of surplus inefficient plants. 


The better progress in energy efficiency shown 
by some of our industrial competitors seems to be 
associated with better growth in their GDP and higher 
rates of industrial investment. Indeed, a higher 
rate of economic growth in the UK, with consequent 
introduction of new technologically advanced, and 
more energy-efficient plant and processes - together 
with attendant higher profitabilities, is likely to 
ve the biggest single factor in improving future 
energy efficiency in industry. 


The role of pricing: 


Rapidly rising real energy prices have been an 
important element in bringing about improvements in 
the efficiency of energy use and succeeding govern— 
ments have increasingly presented the economic pricing 
of energy as playing a central role in energy conser— 
vation policy and it has now come to be regarded as the 
main plank in the policy. 


ACEC, however, believes that whilst pricing has 
played a very Significant part in reducing energy con= 
Sumption, many opportunities for cost-effective energy 
conservation investment are not being pursued and there 
are large and important areas that are not being suffi- 
ciently affected through the dominance of other factors, 
eg in public sector housing and other rented houses. 

In ACEC's view, energy conservation policy requires a 
Similar emphasis to be given to all aspects of energy 
conservation policy such as information and advice, 
financial incentives, removal of institutional barriers ete, 


There is much scope for debate on defining what 
is meant by'economic! pricing of fuels. A widely- 
stated view is that economic pricing should reflect 
the cost of supplying fuels to all sectors on a conti- 
nuing long-term basis. But, there are at least four 
different aspects to be considered viz market forces 
longer run marginal costs of supply, year-by-year ; 
financial targets set for the relevant energy industries 
and fuel prices in countries with whose products UK ; 
manufacturers are competing. ACEC believes the last 
factor is especially important for the industrial 
Sector. While some countries may well enjoy natural 
low-cost sources of energy Supplies, others ma hs 
Governments that subsidize energy prices directly or 
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indirectly, or offer relatively advantageous tariffs. 
ACEC believes that, whilst the definition of economic 
pricing which reflects the cost of supplies on a 
conkinuing basis may be appropriate from a general 
economic viewpoint, its effect on industrial firms 
could run counter to the reason for promoting energy 
efficiency in industry - which is to improve cost- 
effectiveness and hence competitiveness, 


Overall the choice of method to encourage energy 
efficiency depends very much on the urgency of the 
need, the acceptance of the method by the public and 
the need to balance conflicting interests. 


Energy Supply v_ energy conservation investments: 


While accepting that comparisons between investment 
in more efficient energy use and energy supply are diffi- 
cult, and that they may not be interchangeable, it is 
clear that in many cases energy-efficiency projects are 
required to earn a higher rate of return than some 
SAEDAT projects. I do not propose to compare invest-— 
ment in supply, and in more efficient energy use, as 
alternatives; but I am concerned that there are a 
significant number of constraints to highly cost— 
effective and worthwhile energy efficiency investments. 
Although in many cases these constraints have been 
recognized for some time, insufficient steps have been 
taken to mitigate or remove then. Throughout the economy 

there re cnerg efficiency investments which are extremely 
cost of fective on their own terms, have the potential 
to apply national resources more econonically, but are 
being foregone, | 


Information and advice: 





ACEC's recommendations include: 


- A substantial increase in the Governnent's 
publicity budget to support a new and more 
vigorous campaign, emphasizing the message 
to use energy more efficiently rather than to 
conserve energy perse; 


- special emphasis should be given to the industrial 
sector and, in particular, to the securing of 
top management commitment. By and large, the 
Secretary of State appears to be acting on this 
advice. 


41 incentives: 


sraints blic 

ACEC recognizes the current constraints on pu 
spending and appreciates that in the industrial sector, 
for example, the final responsibility for the efficient 
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i j tment, good 
use of energy, whether by capital investment , 
housekeeping or effective operating practices, rests 


with individual managements 


n considering direct financial incentives ACEC 
has ie Seaiuted deat these must have a relatively 
limited role in relation to the total available invest- 
ment potential for undertaking energy efficiency mea— 
sures. The costs of providing general subsidy support 
for energy saving could be very high indeed. Por example, 
in 1982 British industry spent some £ 6,5 nillion on 
energy. Various studies have indicated that it could 
reduce this bill by around £1 billion a year through 
investment in cost effective energy efficiency measures 
applied to existing plants and buildings with paybacks 
of three years or less — thus placing the investment 
costs involved at perhaps between £2 and £3 billion. 

A very large sum would be involved in subsidies to 
realize this potential and Governnent support for 
expenditures of this order is neither practical nor 
desirable, | 


Government should undertake that current schemes 
such as the Coal Firing Scheme, the Energy Conservation 
Demonstration Projects Scheme (ucDpS) and Schemes of 
Support for Innovation will be available throughout 
the life of the present Parliament. 


_ Government should assess the case for extension 
of its support for energy efficiency through inno- 
vation to cover schemes utilizing best-proven techno- 


pee via low interest loans repayable from Savings 
made. ; 


Regulations: 


ACEC is not asking for any new maior om j 
but Government however should Sain fe ue 
means of overcoming the conflict of interests in : 
tenant /landlord relationships regarding the efficient 
use of energy. This could involve the restoration of 
specific allocations for energy efficiency in the 
public sector and some form of incentive and/or 
legislative change in the private sector, 


Technology: 


The development and adoption of 
energy efficiency technology 
by improving its effe 
example: more R&D joi 
and public sectors 


innovative 

: Should be speeded up 
ctive exploitation through for 
nt ventures between the private 
and ensuring the criteria for ; 
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replication of projects under the Energy Conservation 
Demonstration Projects Scheme are not too stringent 
given the current climate of recession, Consideration 
should also be given to encouraging the adoption of 
on-board computers for heavy goods vehicles to super- 
sede existing tachographs and to establishing centres’ 
of information and advice for new sensor developments. 


CEP 


In the area of combined heat and power (CHP) the 
Government should encourage setting up private utility 
companies to build and operate CHP plants with a view 
to selling steam and electricity to industrial users. 
This may require some sort of safeguard to ensure that 
such companies would be protected from the effects of 


changes in Government policy relating to energy pricing. 


(Energy World, (April, 1984) pp. 3-5) 


See 8 
AGRICULTURE AND CARBON DIOXIDE 


by Paul E. Waggoner 


If the levets of carbon dioxide in the atmosphere 
increase as expected, will agricultural productivity 


decline? 


If the amount of carbon dioxide in the atmosphere 
continues to increase as we expect it to do, shall we 
have more or less to eat? The crops that feed us stand 
outdoors in the wind, rain, and frost. Except for 8 kg 
of fish, all. the 635 kg of food that each American eats 
yearly, and all the feed for our animals, is grown on 
150,000 ha of cropland and rangeland exposed to the annual 
lottery of the weather. Protecting all our staple crops 
from drought by irrigation or sheltering them in green-= 
houses would not be practical: even irrigation depends 
on precipitation in the long run, and it would be too 
expensive to build and maintain enough greenhouses. Grocery 
prices for all and the hunger of the poor remind us that 
our food supply is at the mercy of slight changes of tem= 
perature and the timing of a few drops of raine The more 
difficulty a country has in feeding its people, the more 
drastically it could be affected by seemingly minute 
changes in the climate. 


Although later paragraphs include technical calcula-= 
tions of changes in American agricultural productivity 
that reflect expected variations in the weather, 

the effects 
of changing temperature and precipitation on agriculture 
are too complex to be distilled into a few numbers. Two 
examples from history will help show in general how 
farmers are affected by atmospheric change. 


perceptibly shoter (Tuchman 1978). This medieval 

I ° exam 
demonstrates both that the fength of the season as et Sa 
as the mean temperature is critical and that 
of climatic change increases toward the poles 


The second example is the dust bowl of the 1930s 
In addition to the more familiar consequences of the , 
disaster, the drought encouraged the Proliferation of 
certain pests. The greatest losses of Crops to wheat t 
during the period 1921-50 occurred in the 1930s Th mite 
Peachy pear cactus Spread east, invading 1.6 ni titan ha 
of western Kansas. More young jackrabbits survived in 


the Ler weather nies 
i drier weather. The grasshopper Population also soared, 
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and the insects so devastated the j j 
S vegetation in South 
Dakota that jackrabbits in that State, faced with 


- : : . dy a 
feat: on, migrated into Nebraska (NRC 1976, Schlebecker 


Moving from the general evidence that weather aff 
agriculture to specific estimates of how productivity age 
vary requires a projection of specific changes in the 
weather. The concentration of COp in the atmosphere 
has risen from 280-290 ppm in the 1860s to about 340 
at present. It is not expected to reach more than 400 
ppm by AeD.e 2000, but it could be 430=—740 by 2050 (NRC 
1983). American crops are in the zone between 35 and 49 
cegrees of latitude that is predicted to experience changes 
in weather as the level of CO2 increases. For example, 

a doubling of atmospheric COp= would cause a 3°C warming 
at the US-Canadian border, according to Manabe = and 

Stouffer (1980) a rise of 1 C in mean summer temperature 
es the growing season by about 10 days (Kellogg 


Less precipitation has also been predicted to result 
from increased C09 based on the paleoclimatic record and 
physical models. If higher levels of CO2 make our climate 
comparable to that of the Altithermal period of 4,000 to 
8,000 years ago, the climate in the central plains of the 
United States, where the majority of our cereal crops 
are grown, will be drier (Kellogg 1977). Three physical 
models of increasing geographic detail also predict drier 
summers at middle and high latitudes (Manabe et al. 1981). 
Summer would begin earlier, and more moisture would 
evaporate from the soil. 


We can consider the consequences of an increase 
in atmospheric CO2 to about 400 ppm by the year 2000. 
We can also evaluate the results of a mean warming of 
about I C and an expansion of the growing season by several 
days in the northern United States, and more frequent 
drought nationwide if the country receives 10% less preci- 
pitation and experiences Slightly more evaporation. 


Although only about one=-seventh of the cropland in 
the United States is irrigated, it produces a dispropor= 
tionately large share of the market value of the cropSe 
Since irrigation uses runoff and runoff is often only | 
the small difference between precipitation and evaporation, 
changes in temperature and precipitation can cause rela- 
tively greater changes in the supply of water for irrigatione 
In an important example, a decrease of a tenth in preci= 
pitation plus a warming of 1 C reduces the flow in sor 
Colorado River by about 25% according to the historica 
record (NRC 1983). Thus irrigation which accounts for 
about half of all water consumption in this country, 
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and the valuable crops that it produces seem shoe teiesppee 
susceptible to a decrease in precipitation combined wi 
a warming that increases evaporation and demand for watere 


Direct effects of CO2 
Since most of the dry weight of plants is derived 
from the reduction of CO2 to carbohydrates by photo 
synthesis, the concentration of CO2 in the air can directly 
affect plants in fact, Lemon (1983) has compiled an 
entire book on the effects. In all plants, photosynthesis 
involves the so-called C3 process that converts C05 into 
molecules with three carbon atoms. Following the vg 
process, additional steps eventually produce carbohydrates. 
However, in some species, called Cg plants, CO2 is first 
incorporated at a fast rate into molecules with four carbon 
atoms, which are then transporated within the leaf to 
sites where CO2 is released, providing a high concentra- 
tion of CO2 for the C3 process. 


The same enzyme that catalyzes the first step in the 
C3 process can also catalyze on oxidation that Leads to 
photorespiration, which consumes as much as a third of the 
CO2 the plant has absorbed in the light (Zelitch 1982). 
Photorespiration is slowed by high concentrations of CO5 
and hence occurs more rapidly in Cy plants such as wheat 
than in Cg plants, like maize, where abundant COg is 
available for the C3 process. Thus, when atmospheric COQ 
is relatively low, net photosynthesis is faster in Cs 
than in C3 plants. At higher levels of CO> however, the 
thange in photorespiration per change in COg leads to grea- 
ter increases in net photosynthesis for Cz plants than 
for Cy (Akita and Moss 1973). 


The nature of the products of photosynthesis and 
how they are transported to the sites where they are 
converted to starch, protein, and lipid may affect a 
variety of processes, including subsequent photosynthesis 
as well as the accumulation of carbon in a Storage organ 
such as a graine A higher level of CO 5 decreases photo- 
respiration and thus indirectly affects nitrogen metabo- 
lism Since ammonia passes rapidly through leaves during 
photorespiration (Lawyer et al, 1981). Because a plants 
yield depends on an adequate storage capacity or sink 
to accept the products of photosynthesis, feedback mecha= 
nasms will decrease further photosynthesis if the sink 
is inadequate and might temper any increase caused by 
more COQ2. Fortunately, the size of the sink and the d 
tend to increase in parallel until they reach the li tf ee 
set by photosvnthetic capacity (Evans 1975). ge 


In acdition to the production of 
. aS 4 A carboh > \ 
water in plants can be directly affected, pehaumenel = 
iffects the stomates. While admitting the COs soaannaal 
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for photosynthesis into the moist interior of the leaves 
the microscopic stomatai pores in the epidermis also allow 
water to escape, In bright iight the stomates of maize 
growing 1n pots narrowed when the COs concentration inc- 
reased from 300 to 600 ppm, and transpiration decreased 

by about 20%eTranspiration from pots of wheat, however 
decreased by only about 5% the contrast is assumed to the 
typical of the difference between Cy and Cg plants (Akita 
and Moss 1973). This measured loss of water includes 
evaporation from the soil, which is especially significant 
when the soil is moist and unshaded by foliage, and from 
wet foliage as well as from the interior via stomates. 
Nevertheless, mere narrowing of the pores conserves water, 
even in a crop with several hectares of leaf surface per 
hectare of land (Waggoner et al. 1964). 


Logically, saving water by narrowing the stomates 
would conserve water in the soil and should reduce stress 
on the plant. Experiments on whether crops yield more 
when moisture is scarce and CO2 is elevated have produced 
ambivalent results, however (Gifford 1979, Sionit et al. 
1980). Resenberg (1981) has reviewed at length the relation 
of increasing CO2 and how efficiently water is used. 


Another logical connection is between nutrients and 
photosynthesise As photosynthesis increases with increasing 
CO2 there will be more carbohydrates available for the 
plants growth raising the demands for fertilizer or avai- 
lable nutrients in the soilwAlternatively, a lack of 
nutrients could temper and benefit from more COQ2. 


Plants and microbes capable of fixing nitrogen would 
obviously have a new advantage if CO2 levels were higher. 
During one growing season, soybeans in air enriched to 
500 ppm of CO2 fixed 40% more nitrogen than did control 
plants in normal air (Hardy and Havelka 1977). The 
increased nitrogen in the plants grown in enriched air — 
would permit increased growth and then more photosynthesis 


in a continuing spirale 


Because the concentration of CO2 in the pores in 
the soil is 10-50 times greater than in the atmosphere, 
doubling atmospheric CO2 would probably not affect roots 
and soil microbes directly. However, if there were larger 
plants because of higher levels of C02, there would gene= 
rally be more organic matter jn the soil, which would — 
improve soil structure and fertility in the manner indicate 
by generations of experiments in green manuring. 

The development of organs within a plant is distinct 
from their mere enlargement or growth, and one can : 
reasonably ask if this development is affected by mer 
in the air. Although one species, cucumber, pepe eee 
flowers and produced marketable fruit two weeks eariic 
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when the air was enriched with coz, anothes gee an 
pepper, proceeded at the same rate (Enoch e seh Me 
Certain developmental events, such as the a & ine 

leaves and flowers, are sensitive to phi th i eee 
soil and jn the temperature; however, any e ee Py pte 
timing of flowering and other stages in the life ha es 
js not likely to be an important direct consequenc 
projected rise in C02. 


ugh variations in the environment can affect the 
way Pee many diseases, insects, and weeds compete— : 
with crops, changing levels of CO2 in the atmosphere wil 
logically have a direct impact only on weeds with fast 
photorespiration. When CO2 was increased, the C., velvet=- 
leaf, or Abutilon theophrasti increased its grow more 
than the G maize, whereas the Cg itchgrass, or Rottboe= 
llia exaltata, gained less than the = soybean (Patterson 
and Flint 1980). In addition to promoting a gradual inc- 
rease in growth, higher levels of CO'2 might make it casier 
for some weeds to spread. For example, okra, which isa 
crop beginning to spread in the wild. as a weed, can grow 
in cooler weather and presumably at higher latitudes if 
more C02 is present (Sionit et al. 1981b). Since limiting 
nutrients and water failed to nullify the benefits of 
added CO2 to a plants hight and leaf area that effect the 
competition between crops and weeds for light, increased 
CO2 seems likely to affect that competition, sometimes 
benefiting the crop and sometimes the weed (Patiterson 
and Flint 1982), 


How do all the effects enumerated above work together 
to affect the yield ?I¢ is indicated’ ~ that crops 
exposed to elevated levels of CO2 for most or all of their 
growth will have a greater yield, but all of these crops 
except one were raised in chambers or greenhouses, where 
light is rarely optimum. Some of the experiments, how-= 
ever, subjected the plants to strees, which might mimic 
natural situations, and the soybeans were grown under 
chambers outdoors; other research conducted outdoors found 
that the yield of soybeans and other grain legumes increased 
about 0.1% per ppm CO2 (Hardy and Havelka 1977), confirming 
the observation of Hardman and Brur, (1971). 


Three facts are clear. The yield of all crops was 
Some what greater when CO2 was increased. However, the 
annual change in yield based on the projected rise in 
C02 is Similar to or less than the annual change actualiy 
achieved by the entire US crop during 1963-70 as a result 
of improving technology and husbahdry. There is little 
if any evidence that a lack of water or nutri 
racts the effect of increased CO2 on the 
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Indirect effects of a Warmer, drier climate 


The changes in temperature and recipitati 
expected with the rise in CQ2 pecaibihea PreERaaee 
Simple consideration of the direct effects of increa- 
Sing CO2 On crops unrealistic. However, if we ignore 
any direct effects on crop growth, we can use two orderly 
means to calculate how the yields of crops will change 
if the calimate becomes warmer and drier. One approach, 
regression, compares past changes in yield to recorded 
changes in weather. The second method, simulation, uses 
the physiology of plants and the physics of their envi- 
ronment in a computer program to study the change in yield. 
Regression provides coefficients of, say, kg/ha/mm of 
precipitation. Simulations provide annual frequency 
distributions of yields in the present climate and of 
expected yields with particular changes in temperature 
and precipitation. 


Thompson (1969) first estimated the effect of 
weather by the regression Yi=at+biti +b5x2, +..ebn x ni 

in which Y represents kg/ha in the year i,a is 
intercept (or the mean Y less the sum of the products 
of the b terms times the mean Xs), pi the effect of 
technology in annual kg/ha, t the year i, b2 to bn the 
effect of a unit change in the weather in. kg/ha for each 
unit, and X2i to Xni such weather factors as precipitation 
or temperature in the year ie This formula makes it 
possible to distill the effect of weather, factor by 
factor, from historical records compiled over decades. 


A c_ mprehensive set of the b coefficients was 
estimated by NOAA, USDA, NASA, and the University of 
Missouri for wheat, maize, and soybeans in the American 
grain belt (Sakamoto 1978). 


- 


Table shows the complex effects of changes in the 
weather. For instance, in the Red River Valley; which 
‘includes eastern North Dakota and western Minnesota and 
4s likely to experience a change in climate from rising 
CO2. If temperatures in April, the planting season, are 
1 C warmer, the yield of wheat increases 21 kg ha; on the 
other hand, if June or July is 1 C warmer, there will be 
more days that are hotter than 32 C, and the yield will 
decrease. South Dakota shows the effect of weather in 
the transition region between winter and spring wheats 
where spring wheat is relegated to unfavorable sites in 
which the higher-yielding winter wheat will not prosper? 
higher temperatures in July have an especially adverse 
effect on the spring wheat grown 1n marginal be a pal! 
reducing the yield 69 kg/ha for each degree. The * Leng 
of precipitation can also be seen in Table A decrease 
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in precipitation is often compounded by an increase in 
potential evapotranspiration, which measures the demand 
for water. 


To predict the results of climatic change caused by 
rising levels of CO2, the consequences of both warmer 
and drier weather must be calculated. For example, to 
estimate the change in yield of spring wheat in South 
Dakota if the weather becomes f C warmer and 10% drier, the 
regression coefficients in Table 2 must be multiplied by 
all the changes in weathere Combining a 1c warming jin 
July, two more days in June hotter than 32°C, an 8 mm de- 
crease in precipitation from September to November, and 
a 16% decrease in the ratio of April precipitation to 
potential evapotranspiration would decrease the yield by 


Farther south, in Kansas, the combined changes in 
temperature and precipitation would produce a somewhat 
smaller decrease. Two more very hot days would occur in 
May, and there would be 22 mm less precipitation from 
August to November, 4-5 mm less in March, and 10 mm less 
in June. The outcome of all this is a 5% decrease in 
yield. 


After these examples, something must be said of multi- 
ple collinearity. If two climatic variables are corre-= 
lated, their correlation changes the regression coeffi- 
cient. The correlation may even produce a nonsensical 
value. In Table 2, the problem of multiple collinearity 
has been minimized by combining variables. For instance, 
precipitation and temperature are correlated, and both 
affect crops. The two can, however, be combined into a 
Single variable that expresses that joint effect on a 


CIOP. Fortunately, the coefficients of Table 2 all make 
agricultural sense, 


Mention also must be made of my changing the clima 
by 1 C and 10% of the precipitation ra ines 4 bi elatrank 
the year. It is unlikely that warmer and drier weather 
brought about by increased CO2 would be so nicely arranged 
Further, I have ignored extremes such as frost, assumin ; 
that they will be related to the means in the Future 
as they have been in the past. } 


Despite all the Provisos, the Lec 
predictions > 
for wheat and of similar tables for maize and isyhoaia : 
make good SENSE. There are geographical and seasonal 
Pint d longa Pd sped being sometimes favorable and 
S Avorable, ut all the tables j 
indicate that, putting aside the dj perlite I 
Ct . > Girect effect of CcoO2 
crops, the projected change in weathe rs 
ANG rb e : 
would cause moderate decreases of 2=12% in aaa hee 
three major crops of the American grain belt ‘aoe 
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Simulations that assemble the physiology of the 
crop and the physics of the environment are alternatives 
for predicting the outcome of changed weather. An early 
Simulation calculated a crop's Photosynthesis from such 
factors as the photosynthesis of leaves as a function of 
radiation and temperature and from the architecture of the 
canopy of leaves (Duncan et al.1967). Later simulations 
have incorporated more details of metabolism, the trans- 
piration of water, and the depletion of water in the 
Soil, and they have calculated growth (Loomis et al. 
1979}, Although imperfect, simulations are logical assem= 
blies of relevant data, and C. Sakamoto used Maas and 
Arkin's (1980) simulation to calculate the consequence 
of climatic change on wheat, as discussed below. Like 
the regressions above, this simulation does not include 
the direct effects of CO2 on plants. 


Sakamoto simulated the yields of wheat during 1949- 
80 in nine districts in North Dakota (Fig.2). The variety 
of wheat, the planting date, and the quantity of and 
capacity for water in the soild were specified for each 
yeare Solar radiation was estimated from the observed 
temperature and precipitation. The simulation calculated 
daily evaporation, photosyntnesis, and its allocation 
to the grain, leaves, and growth of the plants. 


The simulated median yield for 1949-80 is less than 
the average for North Dakota spring wheat in Table 2 
and the simulated decrease of 200 kg/ha is more than the 
177 estimated from the regression coefficients of Table 
2. Given the impefection of simulations, however, the 
degree of agreement between the two methods is more rea- 
ssuring than disappointinge The actuality incorporated 
in the coefficients of Table 2 and the resulting 12% 
predicted decrease in yield are supported by similar 
conclusions from the simulation. 


The changes in yield in the warmer and drier climate 
projected to follow an increase in atmospheric C02 have 
now been forecast by two orderly, explicit, and objective 
means. Much work remains to be done: examining ail the 
regression coefficients, simulating yields for maize sp 
soybeans, combining the direct effects of CO2 
with the changes in weather examined in Table 2 and 
ie, and considering changes in varieties and 
Despite the fog of Lh boy a ree 

es shine throughe The warmer an rier c ima 
Dita decrease yields of the three great American Teh 
over the entire grain belt by 2=12% tempering git ah 
enhancement of photosynthesis by higher levels o . 


locations of crops. 
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Pathogens and insect pests 

additi +o what may be only a modest effect on 
a — cgay the eeches can cause an agricultural 
disaster with the addition of a third party, a peste 
In 1970 such a third party intervened during a warm and 
moist summer in the midwest, and an epidemic rather than 
a bumper crop was produced. 


Before weather can evoke an epidemic, a susceptible 
crop and a virulent pest must be onstage. The crop 
in 1970 was vulnerable because most of the 27,000,000 
ha of American maize were planted to seed that inherited 
its cytoplasm from a single male=-steriie plant from Taxas; 
producing the hybrid seed by male sterility was less 
expensive than other methods. The virulent pest appeared 
when a formerly obscure fungus, Helminthosporium maydis, 
produced a new race and swept across entire states. Other 
diseases, insects, weeds, and even the jackrabbits mention- 
ed at the beginning of this paper can also amplify the 
effect of changed weather (NRC 1976). 


Changes in pests during a short period of time can 
be forecast, and mathematical regressions and simulations 
have been composed to study their effects (Burleigh et al. 
1972, Waggoner et al. 1972), Some even simulate the altered 
yield of the crop in addition to the new number of pests 
(miles et al. 1974). These models can show how a pest 
will change with the weather-if still other parties are 
not involved. 


History shows, however, that pests are so varied and 
variable that new and surprising types will emerge fre-= 
quently. A quantitative calculation for a given pest 
would impart a misleading certainty to a forecast of a 
decade or longer. Instead, we must expect to encounter 
novel pests and control them as they arise, or the above 


calculations of changing crop yield will be rendered 
useless. 


Adapting to a new climate 


One way to adapt to drier and warmer iti j 
to grow different varieties or even diffebent snecte eae 
crops, using different methods of Planting and different 
regions for farms are other possible responses to changes 
in the weather. Farmers have traditionally adapted barks 
conditions, and futurefarmers with more mobility techna ie 
and knowledge will surely adjust even faster, The ins. 
prediction of any that I can make is: farmers will adapt 
to climatic change, exploiting it and making the at 
predictions too pessimistic. whi 
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A erop can be rapidly moved from north to south, and 
even modifying the breeds of crops is a relatively quick 
adaptation. Because new varieties are bred and tested out- 
doors, they are already acclimatized and the lengthy 
process of measuring weather, discovering mechanisms of 
drought resistance, and engineering the genes is bypassed, 
For instance, the maize hybrids developed during 1930-70 
ais drought better than open=pollinated maize (Russell: 


Drier conditions can also be made less harmful by 
storing more precipitation and using the stored water more 
productively. During the twentieth century more thorough 
weeding and less tilling have decreased the loss of soil 
moisture, and leaving more stubble in the fields has meant 
more precipitation was captured. Together these changes 
doubled the proportion of precipitation stored. Because 
evaporation from a productive crop is little more than 
from plants that merely shade the ground, increasing the 
yield per hectare, perhaps by applying more fertilizer, 
can put stored precipitation to a better use (Greb 1979). 


Moving is a final and major adaptation. From 1944to 
1978 the irrigated cropland in California increased by 1, 
480,000 hae At the same time the land in California used 
to grow commer¢ial vegetables for the fresh market increased 
by 80,000 ha, while that in the Atlantic states of Georgia, 
the Carolinas, New Jersey, and New York decreased by 76,000 
If the climate became drier, this trend of moving to the 
sun and warmth of California might be replaced by a move 
to the humid Atlantic states, which until recently pro= 
duced vegtables successfully for the may nearby consumbers. 


The direct effects of CO2 on plants, the side 
effects of a warmer and drier climate and more pests, and 
various startegies of adaptation have been examined. What 
will be the net effect on crop yield? Although answering 
seems foolhardy rather than courageous, some important 
facts are cleare The direct effects of more CO2 in the ; 
air are beneficial: increase CO2 around a prosperous leaf, 
and it will assimilate more carbon and lose less what 
The indirect effects of the climatic change; on the other 
hand, are slightly harmful in the American grain belt, : 
even in the northern portion. While CO2 directly are 
stomates and reduces the need for water it is expecte fe) 
decrease rainfall and increase evaporation. ppiget ; 
although pests will change, it is impossible to predic 
exactly how they will do S06 


; cas tervailing effects 
s conservative forecast of coun ae s 
Piccnces the estimates of how much eae oe will pe 
smokestacks and exhaust pipes ca 
the air: Some CO2 from be: Tee ease tn &tmoe~ 
n the occean, tempering Ut! a", a ae 
Sean: If real plants in cornfields and sbedcichlpn ai 
pete their photosynthesis along the curves observed 1 
crea my 
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laboratories and eventually become wood or organic matter 
in the soil, they would have a similar effect. Unfortu= 
nately, if calimatic changes prevent the rise in yield 
expected from the laboratory experiments, vegetation wil 
be less of a brake on increasing atmospheric CO2. 


Thus, in the end one sees that the effects on plants 
of the changes in levels of CO2 and weather foreseen 
for AeD. 2000 are modest, with some positive and some 
negative. The answer to "Shall we have more or less food? 
iss yields should continue to increase, with the usual 
annual fluctuations around the trend, as scientists and 
farmers adapt crops and husbandry to slowly changing 
weather. 


(American Scientist, 72, 2 (March-April, ee! 
pp 179=83 
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SEEDS OF PLENTY ~ THE PROMISE OF BIOTECHNOLOGY 


by Yuri Ovchinnikov* 


Over the past twenty-five years, total wor ri 
production has doubled. Nevertheless, the probien eee 
ensuring adequate nourishment for the world's growing 
population is still exceptionally acute. The Director- 
General of the Food and Agriculture Organization of the 
United Nations (FAO), Edouard Saouma, recently declared 
that if present ratés of impoverishment jn the developing 
countries continue, the number of people suffering from 
hunger in the world will reach 750 million in the year 
2000. But at nearly 500 million, 30 per cent of whom are 
children under ten years old, it is already quite high 
enough and is fraught with serious risks for the physical 
and mental development of future generations. 


In an uneasy world, the food problem is aggravated by 
a series of social, economic and political factors, from 
the unequal or to be more exact, inequitable distribution 
of goods to the often primitive conditions of production 
and processing of agricultural output. It is impossible 
today to achieve an increase in production yields per 
hectare of land, per head of cattle, or per ton of raw 
material unless advantage is taken of the latest scientific 


discoveriesSe 


Nowadays production, including agricultural production 
is becoming a science in its own right, with its own 
theoretical applied, practical and inventive aspects. 

The very development of agriculture, for instance, has 

led to many scientific discoveries such as fertilizers, 
insecticides, new means of plant protection, new species 
and varieties of farm animals and crops. All man's 
inventiveness was required to solve the problems of supply=- 
ing water to farms and meeting their energy needs. Science 
-largely the biological sciences-has enabled agriculture 

to obtain record harvest yields, to produce strains of 
livestock of previously undreamed-of productivity, and 


to bring about "green revolutions". 


In recent years work has intensified in many coyntries 
in the fields of cellular biology, physiology, the biplogy 
of growth, ecology and, above all, in those branches af 
physics and chemistry concerned with the study of the Vital 
processes of organisms at the level of their molecular 
structures. The improvement in agricultural 3 omaha ab 
is in large part due to genetics, to which we are = ya , 
for many valuable varieties of plants, strains of livestoc 
and productive families of micro-organisms. 


USSR 


*Yuri Ovchinnikov is a Vice President of tle 
ee004 


Academy of Sciences. 
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stween 1976 and 1980, for example, in the USSR 
SY ile gaa new agricultural plant varieties were perfected 
and introduced to certain regions of the country noted for 
their unfavourable climate and which statistics show to 
be characterized by far from propitious weather conditions 
during the planting and harvesting periods. A further 
3,000 varieties were sent for quality testing at State 


experimental stations. 


At the present time, Soviet scientists are busy working 
out theoretical bases for the selection of methods of creating 
new varieties, such as mutagenesis induced chemically or 
by irradiation, polyploidization and hybridization, and 
the preservation of genotypese 


Thanks to the chemical mutagenesis method, more than 
a hundred varieties of wheat, rice, oats, maize, sunflower 
and other crops have been obtained. 


The advantage of this method is that it makes possible 
the production of completely new forms, previously unknown 
in plant=-breeding, which are resistant to various diseases, 
From the hybridization of two mutants of sunflower, for 
example, one which synthesizes oleic acid in place of 
linoleic acid thus making its oil similar to olive oil, 
and another having a short stalk which enables a marked 
increase in sowing density to be achieved, a new strain 
with a yield capacity of up to 4,000 kilograms per hectare 
has been obtained. Furthermore, by using irradiation 
techniques, scientists in the USSR have produced a more 
productive variety of spring wheat and more than fifteen 
resistant varieties of cotton plant, 


Research development in the field of genetics, selection 
and pedigree breeding is of the utmost importance for 
improving productivity in cattle. Among achievements in 
this field mention should be made of the acclimatization and 
propagation of the Touvinian yak. Yaks are now being in- 
troduceed to central Yakutia and it is Proposed to breed 
them later in the Urals and the Far East. Highly productive 
breeds of sheep have also been created which are adapted 
to Siberian conditions and to conditions prevailing in the 
ee parle gb regions of Kazakhstan. Work is also 

Toceeding on the cross=breeding of the i 
of meat cattle with the Agorbak Fenian eee i i 


A new branch of biology biotechno - i 
particular, genetic and cellular engiigent tee eae 
precedented Prospects. Scientists in countries that eee 
in this field have reached the Stage at which it is rey 
by following a preconceived plan, to obtain new or wekaae . 
with valuable characteristics; they have, in fact igre 
manufactures of new living systems, Ten, or even’ -£imacs, 
ago ; such achievements were possible Only in the @ aetiies ie 
Simpler micrd=)organisms,and many laboratories thicueiiannd bac 
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= world are making brilliant use of these methods. 
as ay, however, plants and animals are also the subject 
experiments which are giving spectacular results. 


The cultivation not only of plant cells and tis 
but also of isolated protoplasms has become kiran 
This makes it possible to overcome physiological incom- 
patibility in the cross-brecding of widely differing 
plant species. This method involves fertilization in 
test tubes and the cultivation on artificial nutrient 
media of isolated embryos and seed-buds of hybrid combi- 
nations where there is incompatibility of the parent 
stock. Cloning of new varieties nas made it possible to 
achieve a threefold or fourfold acceleration of the 
reproduction span for perennial plants. In this way 
they become immune from disease and=-under certain repro=- 
duction conditions-from viruses. Modifications of this 
kind in the selection process to which reference has 
been made earlier, are possible for those agricultural 
crops (rice, potatoes, tomatoes, lucerne, clover, rape, 
etc.) whose passage from cell to plant is familiar to 
biologists. 


In experiments with mulberry Bombay, Soviet bio- 
logists have been the first in the history.of science to 
succeed in obtaining,on an unlimited scale, genetically 
identical twins and perfect genetic replicas both of 
father and mother. A selection scheme has been devised 
which makes it possible to breed separate individuals 
in millions of copies remarkable for their productivity, 
and to reproduce their unique posterity in a series of 
generationse The problem of sex regulation has been 
resolvec-male silk-worms give 20 per cent more silk than 
males and females taken together. The application of 
sex regulation methods to agricultural pests could open 
up new possibilities in the fight against agricultural 
production losses. 


As well as the question of pests-ane of the great 
scourges of agriculture which not infrequently causes 
enormous losses-mention should be made of the counter= 
measures against plant and animal diseases, in particular 
the highly purified vaccines which the USSR provides for 


many countries. 


ention should be made of two new methods 


Special m 
A The first, which has been 


which have a great future. : 
successfully employed in the diagnosis of virus diseases 


in particular, is hybridomic engineering-now just as + 
popular as genetic engineering. Scientists have learne 
how to create hybridomes (cells obtained from Lympho= 
cytes and special cancerous cells) which grow at fee 
speed and produce only one previously ordered antibody 


(in contrast to the multiplicity of different pert a 
geece — 


~~ 
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produced by lymphocytes when a pathogenic agent attacks 
an animal organism). The second method, recently 
discovered, offers even greater future prospects. It ’ 
consists of the use of synthetic preparations (antigens 
which are already being referred to as the vaccines of 
the twenty-first century. 


Among the biological metnods of combating pests and 
vectors of infection, the use of pheromones (sexual 
attractants of insects and other animal species, seems 
to be very promisinge According to WHO statistics, a 
single grey rat devours up to 30 kilograms and spoils 
about 150 kilograms of foodstuffs per year, and there 
are seven thousand five hundred million of them in the 
world. Pheromones of rodents make catching operations in 
storehouses several time more efficient. 


Another important trend which promises substantial 
results concerns biochemical methods, especially tte 
study of the polymorphism of albumens. The variability 
of such important characteristics of plants as productivity 
grain quality, resistance to frost, resistance to dis- 
eases, is closely related to variations in albumens. A 
close analysis of the composition and nature of these 
albumens makes it possible to predict results accurately 
and to select the best varieties. 


In resolving such an important agricultural problem 
as the production of fodder, albumen insufficiency can 
be reduced by industrial production of valuable fodder 
additives obtained by micro-biological synthesise The 
Scientific basis for such production and a powerful 
microbiological industry have been created in the USSR. 
At the present time, experts are engaged in converting 
the production of fodder protein from oil hydrocarbons 
of the paraffin type to other raw materials-— methanol, 
methane, natural gas and waste from the timber, food and 
other industrial sectors. The utilization of wood 
Sawdust and straw, for instance, yields biomass with an 
albumen content of up to 20 per cent. A means of obtaining 
consistently high percentages of amino acids by genetic 
engineering methocs has been patented in the USA, 


The preservation of stocks of genes ieriste 
cells, pollen) of different kinds RS a Petite 
-196 Jin liquid nitrogen may become an important new method 
The genetic apparatus of plants will itself gradually e 
become subject to genetic engineering. In many laboratorj 
in a number of countries, including the USSR, work is fae 
being conducted on the introduction into plants of 
nitrogen-fixing genes found in tuberous micro-organisms 
living in symbiosis with leguminous plants, and also 
of groups of genes responsible for resistance to viral 
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While it is obviously impossible to cover the entire 
field of activity in the biological sciences in such 
a cursory survey, the problem of soil s¢ience cannot 
be overlooked. Soil is the essential basis of agricul- 
ture and without good soil the highest-yield or most 
productive varieties or strains are of no avail. 


Although 14 per cent of the world's agricultural 
land is in the USSR, more than half of this is situated 
in climatically unfavourable areas and there is not all 
that much fertile land. Considerable areas are exposed 
to wind and water erosion and to salinitye These factors 
cetermine the direction of scientific researche Agri- 
cultural soil protection systems have been devised and 
introduced on more than forty million hectares of land. 
This has mace it possible to obtain millions of additional 
tons of grain annually, to reduce the negative effects 
of drought and to protect the soil from erosion. 


Aerial surveys to determine soil humidity, water- 
table levels, biomasses of a series of agricultural crops 
for a given quantity of electro-magnetic radiation of the 
soil surface in an ultra high frequency wave range, 
have proved their value. These investigations have 
demonstrated the great efficacy of teledetection methods 
for verifying the condition of soil resources, appraising 
the growth and ripening of crops, selecting objectives 
for land improvement, detecting disease in agricultural 
crops, determining the condition of large tracts of 
forest, and many other operationse 
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THE FUTURE OF MITOCHONDRIAL RESEARCH 


by Michael Yaffe and Gottfried Schatz 


ring the past three decades, research on 
ee aiiet 2 Pannen was generally based on the tacit 
assumption that mitochondria are self- contained biochemical 
mechines fed by small molecules from the cytoplasm. This 
classical model. .of mitochondria originated with the early 
biochemical studies of isolated rat-liver mitochondria 
which suggested that these organelles could carry out all 
of their major functions in the absence of proteins or 
cofactors from_the soluble cytoplasm. This autonomy of 
functiom continued to be a major themeof mitochondrial 
research and was in harmony with electron microscopic 
observations which revealed mitochondria as completely 
closed structures surrounded by two distinct membranes. 
When the inner membrane was identified as the seat of 
electron transport, ATP synthesis and ion pumping, the 
outer membrane was largely ignored and mitochondrial 
research concemtrated almost exclusively on the mitochon- 
drial inner membrane. The discovery that mitochondria 
contained their own genetic system further’ emphasized 
the concept of mitochondrial autonomy. 


During the past 30 years, this classical view of 
mitochondria has proved to be an eminently useful framework 
for mitochondrial research; in fact, it can still adequa= 
tely incorporate such important recent findings as: (i) 
the essential role of H®-movoment in mitochondrial energy 
coupling(ii) the role of a specific uncoupler protein in 
mitochondrial thermogenesis (iii) detailed structural 
information on mitochondrial energy transfer catalysts by 
amino acid and DNA sequencinc and high resolution analysis 
of two-dimensional crystals (iv) determination of the 
complete nucleotide sequence of mitochondrial DNAs from 
several mammals, including man. 


Breakdown of the Classical model 
es Sical model 


This classical mitochondrial model is beginnin 
break down. It was first challenged by cinema toate hae 
observations of living cells in which mitochondria 
continuously appeared to break up and to fuse with each 
other. It received a further Serious blow b 
that most of the several hundred mitochondri 
coded by nuclear genes, synthesized in 
transported into the mitochondria, In 
evicence incompatible with the model h 


y the discovery 
al proteins are 
the cytoplasm and 
the Past two years, 

as increased rapidly. 
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Ma re ra . 
ye cowt Rabati observations suggest that mitochondria 
Although oak ig with other cellular structures 
ese interactions h t 7 
ch .: ; . 0 ave yet to 
aka tae ented geet rebar a hapaind include the see 
7 -S c etween mitochondria and othe 
including other mitochondria), | ther organelles 
Pineat athe mitochondrial control of phenomena occur= 
ge: nary ie ir oda pee ipn-bab ae ale able Peet aaa Nie peed 
: etal elements Thes Ps as 
re : , « ihese new findin 
eeser es pemrnaes morphological observations which Siendata 
; cnoncria are highly flexible structures. 


Genetic evidence s cae : : 
can functionally feeeaee Sach eke te tate nee 
Shown by mating two haploid yeast cells h eae ie i 
DNAs carry distinct mutations: soon after asta ety hes 
ferently mutated mitochondrial DNA ab tenaias A Gee abet iach 
ment each other functionally and actuall SS Fe Fk 
physically. The interaction is most Wihteibie sani d 
by fusion of the differently marked ttgchoadses f Br ek 
though recombination between mitochondrial geno es has, 
yet been found with mammalian cells eh schontatee pees 
is not limited to yeaste It has long been recognized that 
maturation of mammalian spermatids is accompanied by fusi 
of individual mitochondria into a spiral stsuc tues acon ater 
ing the sperm midpiece. There are also indications that 
mitochondria of adult mouse diaphragm may form a continuou 
‘mitochondrial reticulum permeatina the entire muscle geil: 
Conversely, mitochondria can also break up tnto smaller units; 
during release of yeast cells from glucose repression, a 
few long and convoluted mitochondria may give rise to. 
many smaller and more regularly shaped mitochondria. .In 
fact, growth and division of pre-existing mitochondria is 
the most likely mechanism of mitochondrial formation, 
even though this has not yet been rigorously established. 
Thus, mitochondrial fusion and division appear to be 
frequent and rapid events in living cells. How do indivi- 
dual mitochondria recognize each other? How is fusion 
regulated? Is it important for mitochondrial function? 
Perhaps a ‘mitochondrial reticulum’ can function as a 
power grid which rapidly equilibrates energy in the form 
of an electrochemical potential of H™ between different 


regions of the cytoplasm. 


In higher plants, the mitochondrial genome can also 
interact with the chloroplast genome: analysis of mitochon=- 
drial DNA from corn (Zea mays) has revealed integrated 
pieces of chloroplast DNA. These pieces include part of 
the gene for the large subunit of ribulose-1, 5=bisphos= 
phate carboxylase and a 12 kilobase sequence encompassing 
the chloroplast genes for tRNA; tRNA “~ and the small 
ribosomal RNA. It is not known whether these chloroplast 
genes are expressed in the mitochondria nor is it clear 
how the chloroplast DNA sequences found their way into the 
mitochondria. This transfer could merely be the result 
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of some rare illicit fusion between mitochondria and 
chloroplasts; however, it could also reflect some more 
active, physiological interection between these two 
organelles. Indeed, it has been sucagested that chloroplast 
protein synthesis controls the assembly of mitochondrial 
ribosomesSe 


Transfer of. mitochondrial DNA to _ the nucleus? 
Can mitochondria transfer DNA to the nucleus? This 
question is particularly intriguing because of the widely- 
held view that present-day mitochondria have evolved from 
endosymbionts which transferred most of their DNA to the 
nucleus of the host cell. Eariy DNA -DNA hybridization 
experiments failed to detect homologies between mito- 
chondrial and nuclear DNA, last year, however, the much more 
sensitive tests offered by "Southern blotting" with cloned 
DNA fragments revealed pieces of mitochondrial DNA in the 
nuclear DNA of organisms as diverse as yeast, sea urchins, 
insects and rat. The results obtained with yeast are 
particularly intriguing for two reasonSe First, they show 
that the pieces of mitochondrial DNA found in nuclear DNA 
are inherited according to Mendelian laws and are thus, 
integrated within nuclear chromosomes. Second, they 
Suggest how these mitochondrial DNA sequences might have 
become integrated into the nucleus; since they represent 
a fusion product of four non=contiguous regions of 
mitochondrial DNA (including parts of the genes for cyto- 
chrome b and a mitochondrial ribosomal protein), they 
probably arose by excision and rearrangement of mitochon= 
drial DNA sequences followed by transposition of the 
resulting aberrant fusion product into the nucleus. Similar 
excision/rearrangement processes occur during the induction 
of cytoplasmic ‘petite’ mutants in which the mitochondrial 
genetic System is inactivated. In yeast (and probably also 
in the other cases mentioned above) the mitochondrial 
DNA sequences found in the nucleus are probably genetically 
inactive. The opposite is true of the gene for ATPase 
subunit IX in Neurospora crassa; this subunit is coded by 
a mitochondrial gene in yeast and corn and by a nuclear 
gene in Neurospora, Aspergillus and mammals. Yet Neuros- 
pora also carries a copy of this gene within its mitochon= 
Grial DNA. This copy is apparently silent and neither its 
origin nor its physiological significance are known. 


In the cases mentioned so far, the 'mislocated' DAN 
sequences could be fossilized DNA attesting to rare e t 
in the evolutionary past of the eukaryotic cell. In “abut 
rodospore anscrina, however, mitochondrial DNA sequences 
appear to move from the mitochondrion to the nucleus duri 
each life-cycle. This life-cycle starts with the out pee 
of a Spore, continues with the formation of a mycel j a 
ind ends with senescence of the cells at the mycelial ¢ j 
pherye Senescence seems to be accompanied, and pecans 
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even caused by, the transposition of mitochondrial DNA se- 
quences into tne nucleus. Since the transposed mito- 
chondrial DNA sequences include the genes for cytochrome 
c oxidase subunits I and III, their loss from the mitocho- 
ndria should be lethal for this obligately aerobic 
organism. If this proposed mechanism of senescence can be 
confirmed and extended to other organisms, it would 
dramatically underscore the 'mobility' of mitochondrial 
eee eer egs a new chapter in the history of mitochoncrial 
Am . 


Protein import, the cytoskeleton and surface antigens 


Interactions between mitochondria and the nucleus 
are not limited to occasional exchanges of DNA. Mitochon- 
drial biogenesis must require a continuously operating 
regulatory system linking the two organelles. We know very 
little about this regulatory system except that it 
includes proteins which are coded in the nucleus, synthe- 
sized in the cytoplasm, and then imported into the mito- 
chondriae These imported proteins are not only mito- 
chondrial building blocks; some of them are regulatory 
proteins controlling mRNA processing and translation of 
individual mRNAs within the mitochondria. How the rate. 
of protein import is controiled, and which signals pass 
from the mitochondria to the nucleus, is a complete mystery. 


The intraction between mitochondria and the 
cytoskeleton is emerging as another fascinating problem. 
Mitochondria exhibit saltatory motion and often occupy 
specific intracellular positions which cerrelate with the 
microtubular network. High-resolution electron micrographs 
of rapidly frozen nerve cells reveal characteristic cross= 
bridges between neurofilaments and the mitochondrial 
surfacee While such morphological findings are inherently 
difficult to interpret, they suggest that mitochondria — 
are tethered to the cytoskeleton and that this association 
controls mitochondrial movement, Indeed, there exists ten- 
tative evidence that, in budding yeast, the movement of 
mitochondria into the bud can be rendered temperature= 
sensitive by specific nuclear mutations. Similarly a wee 
(presumably nuclear) mutation in the nematoce Caenorhabditis 
elegans appears to alter the intracellular location of A 
portion of the mutochondria, and the mislocated mitochond= ? 
ria have a more rounded shape than their correctly positione 
counterparts. All these observations suggest that mitochon~ 
dria do not move in the cytoplasm by random diffusion, but 
via specific interactions with the cytoskeleton. aed : 
jnteractions have so far escaped detection by See yas 
methods, but they could perhaps explain why, upon cela — 
fractionation, a large percentace of the mitochondria 1s 
lost in 2 rapidly sedimenting fraction. 
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An astonishing recent finding is that mitochondrial 
DNA controls the expression of a cell surface antigens 
Two indepedent laboratories found that, in inbred strains 
of mice, expression of a class l component of the major 
histo-compatibility complex is meternally controlled and 
correlated with a sequence difference in the corresponding 
mitochondrial DNAs. The structural gene for this antigen 
is probably located in a nuclear chromosome, but its 
expression must somehow be controlled by the mitochondrial 
genome. Since mitochondria do not seem to export any 
mitochondrially-coded polypeptides it is difficult to ex= 
plain how mitochondrial DNA could control the expression 
of an antigen located on the surface of the plasma membrane, 
This interaction dramatically illustrates the limits of the 
classical mitochondrial model and shows that we still Know 
very little about how mitochondria interact with other 
components of the eukaryotic cell. 


Since most of these interactions are lost when the 
cell is disrupted, they are difficult to study by conven- 
tional biochemical methods. One promising approach is to 
study the mitochondrial cuter membrane since most of the 
phenomena discussed above are probably mediated by outer 
membrane proteins. Isolation of sealed outer membrane 
vesicles having a unique polypeptide composition and the 
cloning cf the genes for several of these polypeptides 
may help in such studies (Me Suissa, unpublished results). 


A second approach is offered by genetics. As a step 
in this direction, we are attempting to identify genes 
necessary for mitochondrial assembly in yeast. So far, 
we have isolated several mutants in which mitochondrial 
assembly has been rendered temperature-sensitive by 
Single nuclear mutations (M. Yaffe and G. Schatz, submitted). 
The study of such mutants could shed further light on some 
of the interactions discussed above and could uncover new 
interactions that are entirely unexpected. 


a View of the eukaryotic cell is emerging in which 
mitochondria interact structurally, functionally, and bio- 
synthetically with other cellular components, Many of the 
examples discussed above are based on preliminary obser- 
vations, but together they hint at the variety and comp-= 
lexity of these interactions. We Suspect that mitochon- 
drial research will focus increasingly on these processes 
their role in cell function, and their underlying molecular 
mechanisms. The biochemists'preoccupation with isolated 
mitochondria has led to a conceptual isolation of mitochond= 
rial from their surroundingsSe Mitochondrial research of the 


future will re Store the . . 
7 -S tore © mitochondr > j : : 
eukaryotic cell. ion to its place in the 


(Trends in Biochemical sciences, 9.14 (April 1984) 
pp 179-181) 
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THE GENETIC MANIPULATION OF CROP PLANTS 


by Ben’ Miflin and Peter J. Lea 


Two recent UK symposis devoted to the genetic 

manipulation of plants addressed the same question: 

what hes it done for agriculture?. The superficial answer 
might be:'so far, not much'. But that would be to 
misunderstand the long-term nature of crop science 

Bear in mind, for example, that although the initial 
cross in the production of the currently successful 
wheat cultivar Avalon was made in 1969, the variety was 
only ready to be released in 1980- a period that more than 
econompasses the whole history of recombinant DNA 
technology. Moreover, the amount of information available 
and the number of systems under study are already impre- 
SSive compared with what was known and foreseen five years 
agoe What then has been achieved? 


For a start, recombinant DNA techniques for gene 
isolation have been applied to a wide range of crop species 
The work has centred on the genes for the most abundant 
proteins, such as ribulose bisphosphate carboxylase, an 
enzyme of the carbon-fixation cycle, and the seed storage 
proteins of cereals and legumes. From this, a pattem of 
organization is emerging in which each major group of 
cereal proteins is encoded by one or more complex multi- 
genic loci, the individual genes of which contain a number 
of different tandem and interspereed repeats (B. Forde 
et al., Rothamsted). The genes themselves, particularly 
those of the legume storage preteins, appear to have a 
conventional structure of coding sequences interspereed 
with introns (D. Boulter, University of Durham). Currently 
the flanking regions of various plant genes are being. 
searched and tested for sequences that are important in 
controlling the expression of genes particularly in response 
to environmental stimuli such as stress or light. 


Although: the study of plant protoplasts is expanding 
and the list of species that can be regenerated from 
protoplasts grows ever larger, monocotyledonous species 
are notable by their absence and tecnnigues producing 
large number of regenerants at high frequency have only 
been worked out for very few species. Pretoplasts are 
potentially valuable for at least. three reasonSe First, 
new genes can be introduced into plants through beh 08 
plasts, who socultivation with Agrobacterium appears - ‘ 
be an efficient way of going aboue the task (J. Schel + 
ale, MaxePlanck-Institut Koln). Second, the selection e) 
plant mutants by screening protoplasts is, in theory, 
yaluable. It has, for example, led to mutants ponbipery oh 
in nitrate reductase (Re Mendel and A. Muller, Akademie de 
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Wissenschaften, Gatersleben, GDR), but in general the 
technique has been somewhat disappointing and many 
workers have turned to other methods, Third, protoplast 
fusion offers a way of combining species that are not 
sexually compatible. 


Although progress in the development of protoplast 
and tissue culture techniques has been slow and frustrating 
the techniques have an immediate application Micro- 
propagation of high-value cropsis of increasing use in the 
horticultural industry (G,Hussey, John Innes Institute) 
and there is considereble interest in the exploitation 
of the variation (somaclonal variation) induced by passage 
of plants through protoplast or tissue culture and the use 
of issue cultures in the manipulation of ploidy (D. Ingram 
et al. University of Cambridge) Hundreds of lines of 
potato and wheat plants derived from culture are being 
evaluated by state and commercial breeders. 


The application of preciso gene transfer to yield 
new cultivars seems some way off, even though crop plants 
such as potato have been successfully transformed and 
taken through a tuber generation (G. Ooms) et al. 
Rothamasted). The reason is the absence of genes, and even 
of the knowledge of which genes, to transfer. Since this 
problem stens largely from gaps in understanding of 
plant biochemistry, many of the techniques described above 
are being used to investigate aspects of plant metabolism. 


.. Nitrogen and carbon metabolism have been the first 
to be attacked, The contribution of the Rhizobium genome 
to nitrogen fixation in the root nodules of legumes is 
being analysed rapidly and ganes for fixation, nodulation 
and symbiosis have been characterized (J. Downie and A. 
Johnson, John Innes Institute, and see these columns in 
Nature 306, 639; 1984). Plant genes involved in the 
Symbiosis that have .been isolated include that for 
leghaemoglobin (D. Collinge et al., Aarhus University) 
and more recently, glutamine synthetase ( J. Cullimore 
et als, Rethamsted). Cloning of other genes’ important 
in nitrate and ammonia assimilation is reasonably advanced 
only in prekaryotes (J. Wootton, University of Leeds). 
uenes for both subunits of fribulose bisphosphate 
carboxylase nave bcen isolated; since that for the large 
subunit can be expressed in Escherichia coli, the way is 
open to explore structure- function relationships through 
in vitro~ mutagenesis (R. Ellis, University of Warwick, 
ind A. Gatenby, Plant Breeding Institute). Directed in 
vitro mutagenesis affecting the active site of the Ssingle- 
subunit carboxylase of Rhodospirillum rubrum has already 


Noun achieved (S. Gutteridge and G. Lorimer, Du Pont de 
eenee? “ilmington) Nitrogen and carbon metabolism have 
Thi e hae tid to ate ee defined biochemical mutants. 
ep righ leg edt 4 better understanding of the pathways 
With areates ent ton as well as to new lines of harley 
weids ic tr Qmounts of ‘nutritionally essential amino 


icids in the Seed 


(S. Bright et al., Rothamsted), 
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Another active area of molecular biological 
investigation is the level at which genes @re controlled 
in the defence mechanisms of plants against disease and 
stress as well as in the normal development of plants. 
For example, considerable progress has been made in 
identifying mRNAs involved in the early steps of phy- 
toalexin (Plant fungicides) biosynthesis (K. Hahlbrock 
et al., Max-Planck-Institut, Koln), and the heat-shock 
proteins of plants and their mRNAs have been identified 
(F. Schoffl et al.-, Bielefeld, FRG and Athens, Georgia). 
In both systems the synthesis of mRNAs appears to be 
largely controlled at the level of transcription. Other 
systems, yielding equivalent information, include the 
induction, by light, of the genes of certain chloroplast 
proteins (T. Gallagher et al., University of Warwick) 
and the activation of genes involved in fruit ripening 
(D. Grierson et al., University of Nottingham). 


In summary, despite the activity and considerable 
progress reported, the genetic manipulation of crop plants 
is still only getting underway. For the present, 
improvements in agricultural plants will continue to 
come from that older and well-established technique of 

enetic manipulation, plant breeding. This technolog 
ps described by J. Bingham, Plant Breeding Institute 

is highly sophisticated: it can safely be predicted that 
the earliest successes of the recombinant DNA approach . 
will enhance that sophistication rather than replace ite 


(Nature 304, 5929 (April 5-11, 1984) pp 498 ~99 ) 
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ROLE OF THE RECOMBINANT ADVISORY COMMITTEE 


by Irving S. Johnson 


Recombinant DNA technology has been developing in an 
unprecedented scientific-public forum atmosphere in which 
the transfer of new basic scientific knowledge to the re=- 
alm of practical commercial use has been extremely rapid. 
During this time, the scientific community has turned to 
the National Institutes of Health for help in organizing 
a Reombinant Advisory Committee (RAC) with the expertise 
to deal with the scientific and technical questions raised 
by tne research as well as to ensure that the public 
interest is responsibly represented. In its several years 
of existence, RAC has established expertise among its members 
adviser, and consultants that is unparalleled in its ability 
to deal with the complex problems in recombinant DNA 
technology. 


The high level of public service rendered by the commi- 
ttee in its consideration of recombinant DNA applications 
has provided for protection of the public health and the environ= 
ment, In addition, current public policy which blends 
Scientific oversight threugh RAC with voluntary adherence 
by industry and other non=NIH funded parties has fostered 
technological innovation and U.S. leadership in genetic 
research. Starting in 1979, RAC reviewed complex indust- 
rial submissions in closed sessions, much as NIH continues 
to do with research grant proposals, This practice has 
decreased since most recombinant DNA research no longer 
falls under the guidelines as they have evolved, This 
diminished requirement for RAC oversight hardiy justifies 
a need for redundant statutory regulation. Furthermore, 
deemphasizing the contribution of NIH and RAC in oversight 
and review could create public concern and lead te controls 
inconsistent with public health needs, scientific progress, 
and the national interest, 


A number of firms and all regulatory agencies and Cabi- 
net-level departments have commented in support of the 
current activities of RAC; SO, too, nas the American 
society for Microbiology, which probably includes the 
majority of the individual practitioners of the technology, 
‘oo frequently, government and industry become adversaries. 
naa’ s review procedures enable industry, government, and 
os to work together effectively and to produce fruit- 
ea caren without encumbering those involved in the 
research with a regulatory process that is not needed to 


Preserve public safety This, t ; . : 
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If a significant concern is the need for more. direct 
input from the regulatory federal agencies, their non- 
voting representatives on the committee could be charged 
with submitting formal comments on proposals whose 
implementation would fall within the jurisdiction of their 
agencies. Duplication of the functions of RAC among several 
federal ayencies has thus far been avoided. The public 
interest is well served by continuing to have a Single 
review group with the demonstrated capability to deal with 
the complex but assessable problems presented by recombinant 
DNA research. 


Because of the universal applicability of the basic 
concepts of recombinant DNA, the activities of RAC should 
not be confined to the biomedical field. Members to the 
committee with expertise in areas such as epidemiology 
and microbial ecology could be added to the committee as 
needed. To create additicnal independent committee would 
Simply increase communication difficulties; the organiza- 
tional redundancy would place further str8in on our avai- 
lable intellectual resources. Additional structures would 
only create delays in a scientific endeavor that 
requires a highly efficient review process to keep up with 
the expanding knowledge base as well as to maintain a fragile 
competitive advantage internationally. 


The track record of the RAC clearly shows its 
usefulness to the scientific community and to the 
public. Moreover, the universality of recombinant DNA 
research=like that of the genetic code upon which it is 
based-argues for a single and unified oversight system. 
RAC's oversight should continue until that time in the 
not too distant future when there will be little left for 


it to overseée 


(Science, 224 .4646(Apri1 20, 1984) p.243) 
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CHILDREN IN PERIL 


- by Ve Ramalingaswami* 


The British economist Barbara Ward spoke of 
two environments = " the inner. environment of Biological 
health, full creativity and mental develop= » 


ment and the outer environment of culture, stimulus and 
beauty of shared affection and civil security". How can 
bring about a harmonious development of these two environ= 
ments for the world's children ? 


Developing countries are not a homogeneous entity. 
They are at various stages of socio-economic development, 
and are developing at various speeds, but they all face 
one mst important problem-high infant and child mortality 
rates and morbidity. In India for example the infant mor=- 
tality rate is around 129 per thousand live births, more 
than 50 per cent of infant deaths occur within the ais eg 
month of life, and low birth weights are found in almost 
a third of all births. For mothers under twenty years of 
age, the birth weights are significantly lower than for 
mothers from twenty to twenty-four years of age. The fre- 
quency of low birth weight increases with rising birth 
orderse 


The story of infant and child health in the Third 
World is one of needless illnesses, of avoidable disabilities 
and of missed human opportunities. Acute diarrhoeal 
disease is the leading cause of death in children under 
one year of age. Malnutrition, overcrowding, lack of 
protected water supplies, poor environmental sanitation and 
low levels of education all act together in a vicious 
cycle. 


When oral rehydration with glucose-salt mixture is 
instituted early, the death rate from this group of 
disorders can be brought down dramatically within a short 
period of time. One oral rehydration solution can now be 
used to treat most cases of watery diarrhoea, irrespective 
of the causative agent=- virus, vibrio or bacteriume The 
goal is to make oral rehydration therapy a home remedy so 
that in the not-too-distant future the bulk of diarrhoeal 
diseases may be no more than a mere nuisance managed by 
the mother themselves in their homes. 


Many factors combine in the form of a chain reaction to 
prepetuate protein-energy malnurition as one of the most 
endemic and intractable nutritional disorders of the Third 
World. These factors include defictentintake of food, 
diarrhoea and other common childhood infections, the 
attitudes and perceptions of mothers, traditions and taboos 


with regard to infant feedj i 
| _to infa: eeaing practices, and pover j 
all its ramifications. ; 2 ie 
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. This vast problem has still not been tackled 
effectively. The supplementary feeding programmes of 
the past few decades have had remarkably little success in 
©Tinging about lasting changes in the attitudes of mothers 
towards providing the best possibié nutrition for their 
children. Protein-energy malnutrition is a problem that 
calls for coordinated multi-sectoral action to deal with 
the convergence of poverty and unemployment, of disease 
and illiteracy accentuated by rapid population growth. 
These issues economic distortions, human inequalities and 
social injustices. 


Action should be carried out within the health sector 
to provide a package of integrated services wherein 
nutritional and health care services, especially infection 
control measures, are combined, Efficient surveillance, 
early diagnosis and simple treatment of common childhood 
infections can be carried out by village volunteers and 
mothers, who should be regarded as first among front line 
health workers. 


Certain illnesses can be remedied by simple and 
inexpensive “magic bullets? 


-Nutritional blindness affecting young children is a 
problem that can be resolved by increasing the intake of 
either preformed vitamin A or of pro-vitamin A:in the form 
of green leafy vegetables as a regular part of the diet. — 
Pending this long-term solution, it has been shown by Indian 
workers that giving massive doses of vitamin A every six 
months to children under the age of five is a feasible 
method of controlling this deficiency. 


- Endemic goitre which afflicts an estimated 200 million 
persons, mostly in the Third World (including 40 million in 
India alone) can be treated by the simplest and cheapest 
public health measure known to man-iodized salt. Injected 
or administered orally, iodized salt will not only control 
oitre but when given to pregnant women will eliminate 
the developmental disorders of deaf mutism and Cc etinism 
which are associated with severe forms of iodine deficiency. | 
But in spite of their cheapness, programmes to control goitre 
are not working effectively in many parts of the developing 


worlde 


- ritional anaemia is essentially the result of an 
aes icRenc? which can be made good by a periodical 
vo entation of the diet with an iron-containing tablet 
parse s been shown by Indian workers, by the fortification 


Se tic salt with a small quantity of iron. 
the application of what we know that we are ~ 
a. sr enan in the discovery of new knowledge. We need 
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to carry out serious social science reaearch in order to 
identify the behavioural factors which influence ‘the 
acceptance and diffusion of a given technologye The health 
history of the world teaches us that there is a direct™ 
relationship between imporvement in socio-economic status 

and reduction of infant mortality rates. It is futile to 
believe that a health system can function outside the 

overall developmental processes, The maximum health benefits 
can be derived from development when health activities are 
integrated into activities in other sectors. 


In the Third world experience during the past two 
decades has shown that with able leadership, well-designed 
and effectively operated programmes, appropriate techno-= 
logies and forms of health-care delivery together with 
professional back-up support, infant mortality rates can 
be reduced by 50 per cent or more even by poor countries 
in a relatively short period of time and at a cost less 
than the equivalent of 2 percent of annual per capita 
income. 


The most important nutrition problem in developing 
countries affectzrng infants and young children is that of 
protein energy malnutrition. Most frequently this occurs 
as the complex result of an inadequate diet in a deprived 
environment. Families often do not have sufficient 
knowledge of the nutritional health needs of infants and 
Small children. | 


Once the nutritional status of a young child starts 
to deteriorate a vicious circle of malnutrition and 
infection is set up. Infections interact with nutrition 
by decreasing the resistance of the young child, by lower- 
ing his normal food intake and by diminishing utilization 
or nutrients from the food. A large number of children can 
be expected to be suffering from an acute or chronic 
cae during considerable part of their first years 
.@) l sgt Ee 


Other nutritional problems arise from specific 
vitamin and mineral deficiencies. The principal problems 
are associated with lack of Vitamin A and Vitamin D, and the 
mineral Salts iodine and iron/folate. Severe lack of 
Vitamin A in the diet gives rise to blindness and the 
disease is known as xerophthalmia. Lack of Vitamin D 
eget the disease known as rickets which affects the bones 
AR aa body and causes bending of the leg bones in parti- 
her bac mineral salt iodine causes endemic goitre 
‘\ +9dCK of iron in the diet gives rise to nutritional ; 
posomia. Anaemia may also occur as a result of lack of 
te Hey 1n the diet and is usually combined with lack 
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Nursing mothers and young children are the most 
vulnerable to Vitamin A deficiency, especially if they live 
in areas where the staple food used for the weaning diet 
consists primarily of rice, maize or cassava- and where 
Samall amounts of animal foods, leafy vegetables and fruits 
are eaten. Xerophthalmia is called a "disease of darkness" 
because an early symptom is nightbiindness or difficulty 
in seeing in dim light, This eye disease is prevalent in 
Asia, Africa, South America and the Caribbean, Once the 
Sight has been destroyed, and this can happen with great 
rapidity, nothing can be done to restore the child's vision. 


Yet in most countries where this blinding malnutrition 
is serious there exists a cheap supply of Vitamin A, in 
green, leafy vegetables. Because of custom and ignorance, 
many of these vegetables are not introduced to children's 
diet by the mothers or other caretakers of--the children. 
The task is to persuade them to do this through nutrition 
education. 

Fat is needed for the absorption of a substance called 
carotene which is found in the green leaves and from which 
the body manufactures Vitamin A. The carotene taken by 
the mouth in the green vegetables may not be absorbed into 
the blood and does not reach the body cclls if the weaning 
diet is lacking in fat. Palm oil, cottonseed oil and other 
food oils locally available can be used to mix the staple 
food which is the basis of the weaning diet for the baby. 


ke is caused by a shortage of Vitamin D, together 
with a poor diet, so that there is not enough calcium 
Present in the blood stream for calcification of the boneSe If 
the bones are not properly calcified then’they remain soft and wt 
the baby begins to walk the leg bones bend under his” 
weight. Rickets again is a child's disease and 1s highly 
endemic in some regions of tne world.e Cases of rickets are 
not usually fatal but the deformities can be permanent. 
Bow legs or knock knees are only one symptom of rickets. 
Vitamin D can be supplied from such foods as fatty fish 
and eggse It can also be made in the skin under the 
influence of ultra violet light from sunshinee _Exposure 
of the child's body and limbs to afternoon sun in the 
tropics can heal and prevent symptoms of rickets. Milk — 
powder and baby foods, as well as margarine, enriched with 
Vitamin D should be utilized. 


Endemic goitre is a widespread disease and has been 
reported from all areas of the world. It appears in early 
childhoud and progresses into adolescence and sometimes 
adulthood. Women of childbearing age are of particular 
concern. Goitre is caused in some areas by a deficiency 
of icdine in the soil and watere Iodized salt has been _ 
proved successful in eliminating goitre in different regions. 
Tho total population under risk is estimated at 400 millione 
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Nutritional anaemia caused by iron deficiency is 
probably the most common form of specific nutritional defi- 
ciency in the world today. It affects mainly young 
children and women of child-bearing age. Evidence also 
suggests that nutritional anaemia adversely affects the 
productivity of workers. Iron is needed to form blood. 
People who suffer from anaemia cannot supply enough oxygen 
to their tissues. They are lethargic, sluggish and easily 
fatigued. They lack concentration, get out of breath on 
even slight exertion and lack vitality. Anaemia occurs when 
there is a prolonged lcss of blood, or failure of absorption 
or a dietary shortage over a very long period. 


Suckling anaemia has been known in many parts of the 
world. Babies in tropical areas may have a low haemoglobin 
count as early as three months of age. Normally the baby 
receives enough iron from the mother for the first six 
months of life, but if the mother has suffered from iron 
deficiency in the last months of pregnancy, the baby does 
not get its full quota. Poor absorption of iron may account 
for some of the deficiency. Frequent attacks of malaria 
and parasitic diseases will cause a temporary anaemia. This 
will pass if the child is receiving enough protein and iron 
in the diet. 


Anaemia due to deficiency of folic acid may also occur. 
It is less frequent and usually combined with iron deficiency 
It is generally associated with pregnancy. Folic acid 
is a problem nutrient, There are very heavy demands by the 
body for this vitamin during pregnancy when the diet has 
to provide four to eight times as much as the normal 
quantity required. Folic acid is a water soluble vitamin 
of the B complex and is needed for blood cell formation as 
well as protein production in the body. It also contributes 
to the formation of the materia? of which chromosomes, the 
genetic mechanism of cells, are composede Good sources of 
folic acid are: yeast, liver, spinach and lettuce. Poor 
Sources which nevertheless make some contribution to the 
diet are milk, poultry, eggs and meat. A larger consumption 
of animal products is needed, and a decrease in the infestae 
tion rates with parasites that cause loss of iron from the 
food and system. 


X~RADIOGRAPHY IN THE PRESENT DAY 
INDUSTRIAL WORLD 


By D.Ke Bhattacharya & Baldev Raj 
(Abstract) 


X-radiography is one of the major non-destructive 
test techniques used for inspecting industrial compo- 
nents today. In the present evolution of X-radiography, 
it wouid be seen that newer techniques being incorporated 
init, are meant mainly to remove the disadvantages. 
Some examples are real time radiography, high resolution 
radiography, tomography and image enhancement. The 
principles involved in real time radiography which is 
being used more and more for mass produced items and 
in those cases where 2 lot many X-radiographs have to 
be taken for a single component, is described in the 
paper. It is explained how the advancement in the 
image enhancement (i.e. image processing) in the X- 
radiographs has helped better performances of real time 
radiography. The reasons of the availability of image 
enhancement systems on 2 cost effective basis and the 
principles of image enhancement are also explained in 
the paper. Tomography which would not only find the 
size and shape of a defect but also its location within 
a component, is 2 hotly pursued area of development 
today. However, for use in the industry some limitations 
have to be overcome, These reasons and why medical 
tomography has already been a success is explained in 
the paper. It is also explained how the newer develop- 
ments would help X-radiography technique to detect 
severe defects like cracks in better fashions. 


(World Science News, (May 1984) p. 13) 
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